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BELIEVE IN § 
YOURSELF! 


of Doctor, you probably have read a great deal of cigarette 
if advertising with all sorts of claims. 


So we suggest: make this simple test... 


Take a Puitie Morris—and any 
other cigarette. Then, 
| Light up either one. Take a puff 
> 


don't inhale — s-l-o-w-l-s 


let the smoke come through your nose. 


>) New do exactly the same 


<, thing with the other cigarette. 


Then, Doctor, BELIEVE YOURSELF! 


PuHiLip MORRIS 


Philip Morris & Co. Ltd.. Ine. 
Park Avenue. New York 17, N.Y. 
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Have you tried the AEROHALOR 
treating Acute and Chronic Bronchitis? 


@-ntifying results in the treatment of acute and chronic bronchitis 
and the infectious component of bronchial asthma have been recorded in many cases 
after penicillin powder inhalation with the AEROHALOR. 
Krasno, Karp and Rhoads! report that out of 41 cases of acute and chronic 
bronchitis, 17 were decidedly improved and 21 were improved to a lesser degree. 
In 24 cases of bronchial asthma with acute or chronic bronchitis, 13 were considerably 
improved and 9 were improved to a lesser extent. The authors state: “The patients with bronchial 
asthma and chronic bronchitis had moderate to decided improvement, the infectious 
conditions almost disappearing, although the allergy persisted to a decreased degree.” 
Krasno and Rhoads? report: ‘The inhalation of penicillin dust is indicated in severe acute 
and all chronic cases of bronchitis where the organism involved is gram positive 
or where secondary invaders threaten the individual.” 
The AEROHALOR comes assembled for oral inhalation. Easily interchangeable nosepiece in- 


cluded in package. AEROHALOR* Cartridges are prescribed separately, 


Each contains 100,000 units of finely powdered penicillin G potassium. Abbett 


Other indications for the adjunctive use of penicillin powder 
with the AEROHALOR 
Penicillin-sensitive secondary invaders of the common cold. @ 
Tracheitis and laryngitis. 
Nasopharyngitis and oropharyngitis a ro d 9 r 
Postoperative pulmonary infections. 
Symptomatic treatment of bronchiectasis in con- (ABBOTT'S POWDER INHALER) 
junction with systemic therapy. 
Acute and chronic sinusitis. 
*Reg 1M for Abbott Sifter Cartridge 


1. Krasno, L., Karp, M., and Rhoads, P. (1948), The Inhalation of Penicilhn Dust, J. Amer. Med. Assn, 138:344, Oct. 2. 
2. Krasno, |. and Rhoads, P. (1949), The Inhalation of Penicillin Dust: its Proper Role in the 
Management of Respiratory Infections, Amer. Prac., 11 649, July 
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In acute 


fonsillitts : 


“Excellent” responses, typical of the 
results obtained in a wide range of 
respiratory infections, Terramycin- 
treated, were noted in acute tonsillitis 
cases “within 48 to 72 hours, with 
rapid subsidence of temperature and 
physical findings.” 


Sayer, R. J.; Michel, J.; Moll, F. C., and Kirby, 
W.M.M.: Am. J. M. Se, 221:256 (March) 1951 
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Lobar pneumonia * Mixed bacterial pneumonias 


Bacteremia and septicemia 

Acute follicular tonsillitis 

Septic sore throat * Pharyngitis 
Acute and chronic otitis media 
Acute bronchitis * Laryngotracheitis 
Tracheobronchitis * Sinusitis 
Chronic bronchiectasis 

Pulmonary infections associated 
with pancreatic insufficiency 


Scarlet fever * Urinary tract infections 


HYDROCHLORIDE 


deute and subacute purulent conjunctivitis 
Acute catarrhal conjunctivitis 

Chronic blepharoconjunctivitis 

not involving the meibomian gland 
Abscesses * Cellulitis 

Furunculosis * Impetigo 

Infections secondary to Acne vulgaris 


Erysipelas * Peritonitis 


(JRAM-NEGATIVE BACTERIAL LNERCTIONS 


Gonorrhea Brucellosis 


Bacteremia and septicemia 


Friedlinder’s pneumonia 


Mixed bacterial pneumonias 


Pertussis * Diffuse bronchopneumonia 


Post-partum endometritis * Granuloma inguinale 
Dysentery * Urinary tract infections 

CAPSULES Respiratory tract infections 

ELIXIR Cellulitis * Peritonitis * Tularemia 


ORAL DROPS SPrmROCHETAL 


INTRAVENOUS Syphilis * Yaws + Vincent’s infection 
OPHTHALMIC 
OINTMENT 


Epidemic typhus * Murine typhus 
OPHTHALMIC 
SOLUTION 


Scrub typhus * Rickettsialpox 


CRYSTALLINE 


Q fever * Rocky Mountain spotted fever 


Virnat INPRETIONS 


Primary atypical pneumonia (virus pneumonia) 
Lymphogranuloma venereum * Trachoma 


ENERCTIONS 


Amebiasis 


CHAS. PFIZER ®& CO.. INC.. Brooklyn 6, N.Y. 
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NEW FIBER— 
SPECIAL WEAVE— 
COMBINED 
TO BRING 
LONGER WEARING. 
QUALITIES 
TO 


M-S-A 


In acid and caustic operations where ordinary caustics plus the special weave that gives im- 
work clothes eat away or wear away after proved abrasion resistance. 
Comparatively short periods, M.S.A. ChemKlos ChemKlos are inherently chemical resistant 
have established impressive durability records... . the greater life is in the fabric, not added by 
In one test case involving severe abrasive con- a chemical process. This characteristic permits 
ditions and sulfurous water, ChemKlos were the use of dry-cleaning or washing solvents or 
still on the job after 110 days of continuous caustics in strengths that would destroy ordinary 
wear and washing. Ordinary work clothes worn — work clothes. Stubborn grease, oil and wax 
under identical conditions were judged worth- spots can be safely and easily removed. 
less after 5 days use. 

These outstanding results are attributed to Our Bulletin No. CF-28 gives complete details. 
the basic fiber—Dynel—which resists acids and Write for your copy now. 


MINE SAFETY APPLIANCES COMPANY 


BRADDOCK, THOMAS AND MEADE STS., PITTSBURGH 8, PA. 
At Your Service: 66 Branch Offices in the United States 


MINE SAFETY APPLIANCES CO. OF CANADA LIMITED 
Toronto, Montreal, Caigary, Winnipeg, Vancouver, New Glasgow, N.S. 


Representatives in Principal Cities in Mexico, Central and South America 


t Call the M.S.A. Man on your every safety problem Cable Address: “Minsaf" Pittsburgh 


. «+ his job is to help you. 
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HE A. M. A. Arcuives or InpusTRIAL HyGieNe AND OccUPATIONAL MEDICINE is pub- 

lished by the American Medical Association as a medium for the advancement of 

knowledge on the diseases of industry and for the publication of scientific investigation 
and information in this field. 

Published material will in many respects be closely integrated with and reflect activities 
of the Council on Industrial Health of the American Medical Association and the American 
Industrial Hygiene Association. 

Correspondence relating to the editorial management, subscriptions, reprints, etc., should 
be addressed, A. M. A. Arcuives or InpustriaL HyGreNne AND OccupATIONAL MEDICINE, 
American Medical Association, 535 North Dearborn Street, Chicago 10. 
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by the Association will not be permitted. 
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CONFERENCE ON PROBLEMS OF NOISE IN INDUSTRY 
SOUND AND ITS MEASUREMENT 


LEO L. BERANEK, D.Sc. 
CAMBRIDGE, MASS. 


INTRODUCTION 


HE SCIENCE of sound is a complex subject. This complexity occurs 

because psychological as well as physical factors are involved in the study of 
it. A human being is not a simple measuring instrument. He perceives more than 
just the loudness and the pitch of sounds. He extracts information, emotional 
meaning, pleasure, annoyance, and perhaps other factors from each sound that he 
hears. Physical measurements are usually :nade in an attempt to classify a sound 
in such a way that some of the human reactions to it can be estimated. Because 
the ditferent factors enumerated above are interdependent and because they involve 
the experience of the listener as well as his environment, the task of finding a 
suitable measuring stick for sounds seems formidable. There are actually only two 
objective properties of sound which can be measured that relate closely to subjec- 
tive aspects of sound. These two objective properties are the sound-pressure level 
in decibels and the frequency in cycles per second, and they relate to the subjective 
properties of loudness and pitch. 


SOUND-PRESSURE LEVEL 


There are many properties of.a sound wave which one might measure. For 
example, one might measure the m&gnitude of displacement of the molecules when 
a sound wave travels through the air, or the power that is transported from the 
source of sound to the listening position, or the change in the density of the air due 
to the sound traveling through it. The eardrum responds to none of those quantities 


directly. The eardrum moves because of, and only because of, the pressure exerted 
on it by the sound wave. It seems logical, therefore, that we should measure sound- 
pressure level to the exclusion of the other properties if we are interested in ear 
response. 


One instrument suitable for measuring sound-pressure level is the sound-level 
meter. It consists of a microphone, an amplifier, a control knob marked in decibels, 
an indicating meter, and a weighting network knob with three positions marked 
A, B, and C. 

From the Acoustics Laboratory, Massachusetts Institute of Technology. 

Read at the Conference on the Problems of Noise in Industry, Atlantic City, N. J., April 
23, 1951, co-sponsored by the Acoustical Society of America, the American Academy of Ophthal- 
mology and Otolaryngology (Subcommittee on Noise in Industry, of the Committee on Con- 
servation of Hearing), and the American Medical Association (Council on Industrial Health 
and Council on Physical Medicine and Rehabilitation). 
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A pressure-measuring instrument located in a noiseless chamber would record 
only atmospheric pressure. We remember from elementary physics that atmos- 
pheric pressure is about 14.7 lb. per square inch (13.3 kg. per square centimeter). 
This pressure would certainly displace the eardrum inward if it were not for the 
fact that the Eustachian tube of the inner ear equalizes the pressure on the two sides 
of the eardrum so that no net movement occurs. The microphone on the sound- 
level meter is built in the same manner as the ear. A small tube brings the atmos- 
pheric pressure to the back side of the diaphragm of the microphone so that in a 
perfectly quiet location no net force acts on it. When a sound wave is generated 
in an otherwise quiet location, the pressure in the air will alternately be increased 
and decreased a very small amount above and below normal atmospheric pressure. 
This upward and downward fluctuation causes a movement of the eardrum because 
the rate is too rapid to allow the pressure to equalize through the Eustachian tube. 
This equalizing action also happens in the case of a microphone, which means the 
diaphragm will have a fluctuating pressure exerted upon it on one side and not on 
the other side. Hence, it is moved inward and outward as the pressure varies 
upward and downward. 

It is amazing how small a sound pressure the ear or a microphone can detect. 
As an example, the ear is capable of detecting a tone of 1,000 cycles per second, 
whose sound pressure is a ten-billionth of normal atmospheric pressure. Most 
microphones are not this sensitive. Ordinary sounds, such as speech and radio 
music, produce sound pressures that are about one-millionth of an atmosphere in 
magnitude. 

The range of detectable sound pressures is so great that it is not convenient to 
speak in terms of a simple sound-pressure scale. For example, the ear can hear a 
1,000-cycle-per-second sound over a range extending from 0.0002 microbar' to 
1,000 microbars, that is to say, a ratio of 5,000,000. In order to compress this 
range of sound pressure into a scale that is more readily usable, acousticians have 
adopted the convention of speaking of sound pressures in terms of decibels. By this 
system the quietest sound that the ear can hear at 1,000 cycles per second (0.0002 
microbar) is said to have a sound pressure level of O decibels (db.). The loudest 
sound that the ear can withstand before suffering immediate permanent damage 
is about 135 db. (1,000 microbars). 

Most “sociable” sounds have sound-pressure levels of less than 100 decibels. 
By “sociable” sounds we mean the sounds of music, speech, birds, rivers, and so 
forth. As a specific example, the great organ in Symphony Hall, Boston, produces 
a sound-pressure level of 98 db. at the front of the hall when played with all stops 
out by a professional organist. Sounds which are in excess of 100 db. are generally 
“unsociable” sounds. These include the noises of airplanes, trains, subways, thunder, 
explosions, and of certain factory operations. 


SOUND LEVEL 


To those uninitiated in acoustic measurements, “sound level’ would seem to 
mean the same thing as “sound-pressure level.” The American Standards Asso- 


ciation has defined “sound level” as the weighted sound-pressure level determined 


1. A microbar is approximately 1 millionth of 1 atmosphere 
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in the manner specified in the latest edition of the American Standard for sound- 
level meters. An American Standard sound-level meter has incorporated in it some 
of the important features of hearing. It embodies three alternate weighting net- 
works: the A network, the B network, and the C network. When the C network is 
used, the meter reads sound-pressure level. When the weighting-network knob is 
switched into the A or B positions, the low-frequency components of a sound are 
discriminated against; the greatest discrimination occurs for the A network. The 
A and B networks are used when measuring low-level sounds, because the ear 
discriminates against the low-frequency, low-level sounds. 

It has become general practice in the United States to use the weighting net- 
work appropriate to the sound level being measured as shown in the accompanying 
table. When the levels are quoted in accordance with this table, one says that he 
has measured the sound level. However, it is recommended that, whenever possible, 
readings should be taken for all three scales and a record kept of the weighting- 
network designations (A, B, and C) as well as the sound-level readings. This gives 
one the sound-pressure level, the sound level, and some idea of whether the sound 
is principally at low or high frequencies. 


Measuring the Sound Level 


Sound-Level Recommended 
Range Weighting Network 
20 to 55 db. A (40 phons) 
55 to 85 db. B (70 phons) 
8&5 to 140 db C (equal response over entire range) 


FREQUENCY ANALYSIS 

In the preceding discussion, emphasis has not been given to the frequency com- 
ponents of the sounds. Sound impinging on the eardrum is transmitted to the 
inner ear. In the inner ear the sound is divided into its frequency components so 
that a person can detect not only the frequency composition of the sound but also 
the loudness of its components. 

It is unrealistic to assume that a single meter reading, such as the sound level, 
is adequate for an understanding of any given noise problem. For example, the 
sound level in decibels is inadequate to estimate the effect of a given noise on 
the intelligibility of speech spoken in that noise. It is not possible to estimate the 
potential damaging effect of noise on hearing if only a single number is available. 
A frequency analysis is necessary if answers to those important problems are 
sought. This important point is emphasized in other papers presented at this con- 
ference and has been discussed by me elsewhere.* 

In order to determine the distribution of noise energies at various frequencies, 
it is necessary to use some type of frequency analyzer. Such an instrument will 
be described in the following sections. For now, it is sufficient to say that in the 
light of present knowledge of criteria for speech communication, for avoidance of 


damage to hearing, and for avoidance of annoyance, the measurements should be 


2. Beranek, L. L.: Noise Control in Office and Factory Spaces, read at the 15th Annual 
Meeting of the Industrial Hygiene Foundation, Pittsburgh, Nov. 15, 1950. 
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made with some suitable type of frequency analyzer whenever it is at all possible. 
Only when a crude and rapid survey is desired, should the sound level meter be 
employed without the aid of an analyzer. 


REDUCTION OF SOUND 


Although the purpose of this paper is primarily to discuss the measurement of 
sound, it is believed that a few remarks ought to be made about the reduction of 
sound, 

Sound may be reduced by using absorbing materials inside the room and by 
using barriers between the source of sound and the listener. Unfortunately, acous- 


tical materials placed on the ceiling or the side walls of a factory space provide 
only a small amount of noise reduction. For instance, a material with a so-called 
absorption coefficient of 80% reduces a sound on reflection by only 7 db., and 
when installed on the ceiling of a room, produces a reduction of noise level of about 
the same amount. In a large room, such as a factory shop, this reduction occurs 
only at a distance from the machine causing the noise. As far as the operator is 


concerned, his machine is just as noisy after the addition of acoustic treatment. 
A reduction of 7 db., while worth while, is a small amount when one considers 
that the range of hearing is more than 130 db. 

If one has a noisy machine and it is not possible to effect reduction of this noise 
in the gears, etc., the only procedure that will reduce the noise by a substantial 
number of decibels is to place a barrier between the source of the noise and the 
listener. For example, a wall made of 4-in. (10 em.) thick concrete block plastered 
on one or both sides will attenuate sound by nearly 45 db. A 34-in. (1.9-cm.) thick 
layer of plywood attenuates sound by about 20 db. Attenuation is achieved, how- 
ever, only if it is not possible for the sound to by-pass the barrier and arrive at the 
listener by some other path. This means that if a barrier is to be effective, it must 
form a complete enclosure around the machine. Openings into this enclosure need 
to be designed in such a way that the noise being produced inside is muffled as it 
passes outward. This can be done just as the noise from an automobile engine is 
muttled in traveling through an exhaust muffler. 

It is true, of course, that many industrial machines as presently designed cannot 
be enclosed and still remain accessible for operation. In time, however, the manu- 
facturers of noisy industrial machines will have to face the problems of noisy 
machinery, and suitable enclosures will be designed. When that day comes, we 
may expect increased industrial efficiency, both from the man and from the 
machine. 

APPARATUS FOR NOISE MEASUREMENT 

In equipping ourselves to measure a wide variety of noises, we must first select 
the basic instrument—the sound-level meter itself (Fig. 1). To its input a number 
of types of microphones serving various purposes may be connected (Fig. 2). Also, 
several types of vibration pickups may be used for analyses of vibrations within 
the frequency range of the sound-level meter. Various analyzers and recorders 
may be connected to the output. Also, some means of checking the over-all calibra- 
tion should be available. 
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Basic Instrument—The Sound-Level Meter——The basic instrument, around 
which other noise-measuring equipment must be assembled, is the sound-level 
meter. 

The amplifier of the sound-level meter should have an electrical noise level in 
the first stage that is below the microphone voltage produced by the lowest sound 
level which it is desired to measure. The electrical circuits of the better sound-level 
meters are usually designed to permit measurement of sound levels as low as 25 db. 

The overload characteristics of the amplifier are also important. Many sounds 
have wave forms which have a ratio of peak to root mean square of the order of 5 


MICROPHONES CALIBRATOR ANALYZERS 


ROCHELLE 

SALT 

CRYSTAL CALIBRATED 
LOUDSPEAKER 


BASIC INSTRUMENT 


OSCILLATOR 
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o= 
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Fig. 1—Basic sound-measuring instrument, with various accessories commonly used in 
acoustic measurements. (From reprint of a paper prepared for the National Noise Abatement 
Council, 1950.) 


to 15 db. If the root-mean-square value of the wave is to be measured either by 
the indicating meter or by auxiliary equipment connected to its output, the ampli- 
filer must not clip the peaks of the wave even when the indicating meter is at 
full scale. 

The input impedance of the sound-level meter must be suitable for the type of 
microphone being used. However, if the microphones shown in Figure 1 are to be 
used interchangeably, the input impedance should preferably be high, because the 
piezoelectric microphones are capacitive. In this case, transformers are required 
for the low-impedance microphones. 


= 

“es 
ab 2 
a 

| 
2 
| 
: 


102 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The output jack should supply a distortion-free signal and should produce a 
sufficiently high voltage to operate commercially available analyzers and recorders. 
Another consideration in the selection of a sound-level meter is the position of 
the microphone. For most diaphragm types of microphones, the best results are 
obtained when the sound strikes the diaphragm at grazing incidence. If there is no 
reverberation, this corresponds to the best response of the microphone. If there is 


Fig. 2—View of three types of microphones and vibration pickup. Left to right, Rochelle- 


salt-crystal microphone, dynamic microphone with matching transformer, condenser micro- 
phone, and Rochelle-salt-crystal vibration pickup. This photograph is reproduced by courtesy 
of General Radio Company, Cambridge 39, Mass. 


reverberation, the sound is approximately randomly incident, and the position of 
the microphone becomes uncritical. 

Microphones.—\n Figures 1 and 2 there are shown six types of microphones 
which offer various advantages for the measurement of sound in the usual range of 
pressures and temperatures. The principal differences among them are frequency 
range covered, sensitivity, cost, and temperature, pressure, and humidity per- 
formance. 
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(a) Rochelle-Salt-Crystal Microphone *: The Rochelle-salt-crystal microphone 
is widely used with sound-level meters because of its satisfactory response, high 
sensitivity, and low cost. 

A diaphragm type can be purchased at low cost to cover a frequency range of 
20 to 8,000 cycles per second with a maximum variation over the frequency range 
of 4+ db. from the average. 

Sound levels as low as 20 db. and as high as 160 db. re 0.0002 microbar may 
be measured. 

Temperature seriously affects the dielectric constant of the crystal element. 
If the input impedance of the amplifier is high, this variation will not seriously 
affect the readings of the sound-level meter. However, when cables are used 
between the microphone and the sound-level meter, corrections must be applied 
which are a function of temperature. 


The maximum safe temperature of operation for Rochelle salt is about 115 F. 

Humidity can affect Rochelle salt crystals. A microphone using a coated 
Rochelle salt crystal can be operated for periods up to the order of a month or more 
at relative humidities of more than 85% or less than 30% without damage to the 
crystal, but extended periods of operation under these conditions should be avoided. 

(b) Moving-Coil Microphone *: The moving-coil electromagnetic microphone 
is a medium-priced instrument of high sensitivity. It is principally used where long 
cables are required and where rapid fluctuations or extremes of temperature and 
humidity are expected. 

The best designed moving-coil microphones have responses which are within 
5 db. of the average response over the frequency range between 40 and 8,000 cycles q 
per second. 

Sound-pressure levels as low as 20 db. and as high as 140 db. re 0.0002 microbar 
can be measured. Long cables can be used without necessity for cable corrections. ; 

To connect a dynamic microphone to a high-input impedance sound-level meter, 
a transformer with a turns ratio of about 30:1 is required. 

(c) Condenser Microphone *: The condenser microphone is an expensive 
microphone of medium sensitivity which can be built to cover an exceptionally 
wide frequency range and to avoid disturbance of the sound field in the frequency 
region below 10,000 cycles per second and within 5.0 db. up to 20,000 cycles per 
second. 


Sound-pressure levels as low as about 35 db. and as high as 140 db. re 0.0002 
microbar can be measured. 

The temperature coefficient for a well-designed condenser microphone is less 
than 0.025 db. for each degree Fahrenheit rise in temperature. 


Continued operation at high relative humidities may give rise to noisy operation 
because of leakage across the condenser. Quiet operation can be restored by 
desiccation. 


3. Beranek, L. L.: Acoustic Measurements, New York, John Wiley & Sons, 1949, Chap. 5. 
4. Beranek,*® pp. 224-229. 


5. Hilliard, J. K.: Miniature Condenser Microphone, J. Soc. Motion Picture & Television 
Engin. 54:1-12 (March) 1950. 
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‘The condenser type of microphone must be used with a preamplifier mounted 
very close to the microphone if large losses in sensitivity are to be avoided. This 
means that when used with a conventional sound-level meter, an auxiliary power 
supply and preamplifier must be applied. Several hundred feet of cable may be used 
between the preamplifier and the sound-level meter. 

(d) Ribbon Microphone ®: A new probe type of ribbon microphone of high 
sensitivity and small dimensions was announced recently which is feasible for use 
with sound-level meters. This type of microphone is expensive. It can be built to 
cover a wide frequency range and to avoid disturbance of the sound field in the 
frequency range below 10,000 cycles per second. 

The frequency response is flat within +2.0 db. between 70 and 15,000 cycles 
per second. 

The range in sound pressures which can be measured is 30 to about 140 db. re 
0.0002 microbar. 

Changes in temperature and atmospheric pressure will affect the response some- 
what, but accurate data are not available. The variation is expected to be less than 
2 db. in the range of temperatures from 10 to 100 F. 

Changes in relative humidity should not affect the response. 

When this microphone is used with a sound-level meter having a high imped- 
ance input, a transformer must be used. Long cables may be used between the 
microphone and the transformer if the loop resistance of the cable does not exceed 
one-twentieth of the impedance looking into the terminals of the transformer. 

libration Pickups.—I\n the study of a machine which is creating noise, the 
amplitude of vibration of the radiating surfaces is often desired. These amplitudes 
may be determined in the frequency range above 20 cycles per second by the use 
of a suitable vibration pickup and the basic sound-level meter. \t least three types 
of vibration pickups are commonly employed: the Rochelle salt, the barium titanate, 
and the moving-coil dynamic. The properties of these agree in general with those 
of the corresponding types of microphones except that the frequency range of the 
pickup itself usually extends down to several cycles per second and only up as igh 
as 1,000 eveles per second. 


Analyzers.—Analyzets are required whenever a knowledge of the distribution 


of sound pressure as a function of frequency is desired. Such a frequency distri- 


bution may be needed to determine the magnitude and frequency of particular 
components of a noise which it is desired to reduce. Oftentimes, the frequencies 
of several of the components are associated with noise from one portion of the 
machine and other frequencies with noise from another portion. The effect of quiet- 
ing any one portion of the machine on the total noise level can be observed from 
the spectrum analysis. A frequency analysis is also needed to determine quantities 
such as loudness, speech interference level, aircraft comfort level, and articulation 
index. 

Depending on the use to which the data will be put, the engineer may select 
one of the six types of analyzers shown in Figure 1. Some of the instruments are 

6. Olson, H. F., and Preston, J.: Unobtrusive Pressure Microphone, Audio Engin. 34: 18-20 
(July) 1950. 
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suitable for field measurements, while others are principally suitable for laboratory 
measurements. Each type shown has certain advantages and disadvantages. Four 
of them will be discussed briefly in the paragraphs which follow. 

(a) Cathode Ray Oscillograph: The cathode ray oscillograph is a means for 
observing the wave form of a noise. The oscillograph is simple to use because it is 
part of the equipment of nearly every laboratory. In a strict sense, the cathode 
ray oscillograph is not an analyzer. However, an experienced observer can tell 
something about the frequency components by looking at the wave form, and he 
also can measure the peak amplitude directly. 

(b) Constant-Band-Width Type: The constant-band-width type of analyzer ts 
a high-cost instrument primarily designed for laboratory use. Even so-called port- 


Fig. 3.—View of General Radio Type 1550-A Octave-Band Noise Analyzer. 


able instruments of this type are heavy and are operated by alternating current. 
A common band width is 5 cycles per second, although band widths of as much as 
200 eveles per second are commercially available. This instrument is most used for 
determining the harmonic components of waves, the frequencies of which are quite 
constant, so that they do not shift in and out of the narrow band width during the 
measurement. 


(c) Constant-Percentage Narrow-Band-Width Type: The constant-percentage 
narrow-band-width analyzer is a medium-cost instrument, and one suitable for 
portable operation is available commercially.’ It is particularly useful in the meas- 
urement of the components of a wave whose frequency is not constant, because any 
attenuation caused by frequency modulation of the sound will be equal for all 


7. Noise Primer, Ed. 4, General Radio Company, Cambridge, Mass., 1950. 
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components, and they will then be measured in their true relative proportions. It 
is also useful in the measurement of continuous spectrum sounds because with 
a continually widening band width fewer observations must be made at high 
frequencies than with a constant-cycle band width, 

(d, Octave-Band Type: The octave-band analyzer has come into widespread 
use during the past decade because of the many applications where continuous 
spectrum noises are found and great detail is not required in the analysis. It is a 
medium-cost instrument suitable for use in the laboratory or in the field (Fig. 3). 

The readings from the octave-band instrument have been used successfully for 
the determination of loudness, speech interference level, articulation index, airplane 
comfort level, and other ratings of noise and speech sounds. It is particularly useful 
in the study of continuous spectrum noises which need reduction to produce com- 
fort. Examples of places where such noises are found are offices, apartment houses, 
factories, streets, railroad engines, automobiles, airplanes, and subways. 

With the octave-band analyzer the upper cut-off frequency of each band is 
double the lower cut-off frequency. The common series of bands is 37.5-75, 75-150, 
150-300, 300-600, 600-1,200, 1,200-2,400, 2,400-4,800, and 4,800-9,600 cycles per 
second. The 37.5-75 cycles per second band is usually provided by a 75 cycles per 
second low-pass filter and the 4,800-9,600 cycles per second band by a 4,800 cycles 
per second high-pass filter. Some manufacturer’s instruments are designed for 
attachment to the output of any sound-level meter or amplifier and contain their 
own amplifiers, indicating meters, and power supplies (either alternating current 
or batteries ). 

An octave-band filter set should not be connected between the microphone and 
the sound-level meter because hum difficulties will be encountered when the instru- 
ment is operated near alternating-current power supplies or in magnetic fields 
from other sources. Also, with the filter located ahead of the amplifier, no reduction 
in internal noise level is achieved when a filter band is switched into the circuit. 

Recorders.—The output of the sound-level meter can be recorded by either a 
phonograph type of recorder or a graphic power-level recorder. In this application 
the sound-level meter acts as a preamplifier for the microphone. The output of the 
sound-level meter must be free from distortion, hum, and background noise over 
the dynamic range needed in the recordings. Although a special broadcast-type 
preamplifier may be required for some applications, it is economical to use the 
sound-level meter for ordinary situations. A great many types of phonograph 
recorders could be described here, but only the magnetic-tape type commonly used 
in acoustics laboratories will be mentioned. 

(a) Magnetic-Tape Type: The magnetic-tape recorder has become a vital part 
of many research laboratories. It is useful for performing at least the following 
types of jobs: 

1. The preservation of a noise which is to be analyzed later or the comparison 
of an undefined noise and a reference noise. 

2. The obtaining of a series of short samples of noise which may be analyzed in 
detail and compared with each other to determine statistical indexes. 
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3. The storage of a sample noise which can be played through a filter and 
re-recorded and then played through the filter again to double the sharpness of the 
filter cutofis. 

Obviously, the recorder selected must be a high-quality instrument if accurate 
analyses are desired. This means a flat frequency characteristic, low hum-and-noise 
level, low nonlinear distortion, wide dynamic range, constant speed drive, and good 
mechanical construction. 

(b) Graphic Power-Level Type: The graphic power-level recorder is exten- 
sivel, used for the tracing of frequency response curves, for the measurement of 
reverberation time, and, in conjunction with sound analyzers, for the recording of 
curves of amplitude vs. frequency. 


Fig. 4.—View of the General Radio Type 1552-A Sound-Level Calibrator, operated from 
a modified Type 813-B, 400-cycle, Oscillator. 


When used with sound analyzers, the motion of the paper in the recorder must 
be synchronized with the frequency of the analyzer pass band. This may be accom- 
plished by a mechanical or an electrical link. 

Calibrators —When one has made a choice of measuring equipment, there is left 
the problem of keeping it in calibration. Each of the principal manufacturers of 
acoustical measuring apparatus has devised his own scheme for checking the cali- 
bration. Some use an internal electrical signal which is derived either from the 
115-volt line or from a local oscillator. With this method, the sensitivity of the 
microphone is not included in the calibration. There are many instances, however, 
when there is reason to suspect that the microphone might have changed in sensi- 
tivity, or that it might have been damaged. A vital need, therefore, is a calibrator 
whose output can be depended on to within a decibel. 

A precise, portable arrangement for over-all calibration of the noise-measuring 
apparatus at a single frequency is the General Radio Type 1552-A Sound-Level 
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Calibrator.” This calibrator comprises a stable small loud-speaker which has been 
adjust to yield an output level of 85 db. re 0.0002 microbar when a 400-cycle-per- 
second electrical signal of 2 volts is applied to the terminals. When used in con- 
junction with a General Radio Type 813-B Tuning-Fork Oscillator and a built-in 
voltmeter, the calibrator is battery-operated and simple to carry along on a job. 
\n arrangement which we have worked out at Massachusetts Institute of Tech- 
nology for our own use is shown in Figure 4. The battery power is provided by 
mercury cells. An added rheostat serves to adjust the output voltage to the required 
2 volts as indicated on the added meter. 

In practice, the over-all calibration of the system is checked at the start and at 
the finish of a job and each half day in between if the test is long. In addition, if 
the 110-volt linecis used, the electrical calibration is checked at such intervals as are 
convenient during the measurements. By following this discipline, it is possible 
to say that the apparatus is constant to within 0.5 db. during the period of a 
measurement and to within 1.5 db. on an absolute basis. This degree of precision 
is a substantial improvement over the =:3.0-db. accuracy that would be obtained 
if those precautions were not taken. 


8. Gross, E. F \coustic Calibration for the Sound-Level Meter, General Radio Experi- 
No. 7, Dec., 1949. 
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INDUSTRIAL PLANT ENVIRONMENTAL STUDY 


CHARLES R. WILLIAMS, Ph.D. 
BOSTON 


FE: MR MANY years industrial hygienists have worked on the fringes of the 
industrial noise problem. We have made sound-level measurements, reported 
the results, and had little to recommend except personal protection and, in some 
cases, preplacement and periodic audiometric examinations. There have been sev- 
eral reasons for this. One was the lack of adequate portable instruments for measur- 
ing the character of the noise. We were, and still are, in much the same position 
that we were in the late 30's in trying to measure radiation. At that time it was 
extremely difficult to find instruments which were adequate for monitoring indus- 
trial exposures. Today it is equally difficult to obtain satisfactory portable instru- 
ments for measuring frequency distribution of the noise spectra in industrial 
environments. As a result of the demand for radiation instrumentation created by 
atomic fission, we are faced today with the problem of selecting our radiation 
instruments from hundreds of types. Up to the present no such demand has been 
created for instruments to evaluate the noise problem. Frequency analyzers are 
being made which are relatively portable and well suited to our problem, but these 
are in very short supply. Only an increased demand—which is developing—-can 
correct this. A second reason for the failure of progress has been our lack of basic 
information’ on what constitutes a noise problem. This is in part related to our 
lack of knowledge of industrial noise spectra. Dr. Beranek and Dr. Kryter have 
pointed out the progress which is being made in filling this gap. Only by gathering 
extensive data can we expect to establish a firm basis for setting up valid criteria. 

Industrial hygienists are particularly well equipped for survey work in the noise 
field. The application of the same basic methods used in field sampling for toxic 
materials will produce the kind of data required to transform the noise problem 
from a nebulous, difficult thing to another routine job taken in stride by industrial 
hygienists. 

We are also plagued by a paucity of information as to the sound levels and 
frequencies which may damage hearing. Safe levels over a wide range of sound 
pressures have been quoted in the literature, generally without reference to fre- 
quency distribution. Much has also been written on the psychological effects of 


noise, but there has been little convincing evidence concerning the relation between 


From the Liberty Mutual Insurance Company. 


Read at the Conference on the Problems of Noise in Industry held in Atlantic City, N. J., 
April 23, 1951, under the sponsorship of the Acoustical Society of America, the American 
Academy of Ophthalmology and Otolaryngology (Sub-Committee on Noise in Industry of the 
Committee on Conservation of Hearing), and the American Medical Association 


(Council on 
Industrial Health and Council on Physical Medicine and Rehabilitation). 
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noise and such things as fatigue, production, work errors, distraction, and many 
miscellaneous physiological (psychomotor) responses. Here, again, our only hope 
is the accumulation of data in industrial plants. 

Because of the increasing tendency to attribute loss of hearing to the industrial 
environment, it is sometimes difficult to obtain such data without causing questions 
to be raised by employees about the hazard of the environment in which they are 
working. This problem must be faced squarely. The truth is that, except in extreme 
cases, the possibility of loss of hearing cannot be predicted accurately. There are 
still too many unknown factors. Therefore investigations should be carried out 
on the basis of research, data being gathered which will ultimately provide us with 
a sound basis for the evaluation of noise. 

In many instances, interference with communication by speech is a much more 
‘pressing problem than the possibility of significant hearing loss. Beranek’s data and 


i our own experience show that speech interference levels are much more stringent 
4 criteria than levels which are believed to be causing hearing loss. When noise 


interferes with communication by speech, it is difficult and in some cases impossible 
to train new men at the machines they are to use. They must be trained in a confer- 
ence room, using charts and models. This is a tedious and time-consuming method. 
There are also problems in giving and understanding instructions in the plant. Thus 
attention to this very important facet of the noise problem may in many instances 


‘ provide the incentive to reduce noise to levels well below the possible hazardous 
range. 
2 In conducting a noise survey there are several important aspects which must be 


considered. First, the details of construction of the building must be studied, par- 
ticularly with reference to noise transmission. Perhaps the most striking examples 
of this are to be found in the textile industry, where machine vibration—which is 
producing noise—is transmitted through floors and beams to the building walls. In 
some cases this is so severe as to require buttressing of the walls or similar drastic 


action. In many plants machinery on an upper floor of a building produces noise 
which is transmitted through the building structure to the floors below. In a recent 
study of noise complaints of extreme annoyance from plant noise were made by 


office employees. It was found that the important source in the office was a ventila- 


tion duct located on the operating side of the office partition, but having openings 


into the office area. Types of wall, ceiling, and partition materials are also factors 
in reverberation and sound transmission and must be carefully considered. 


A second step is to obtain sound-level data throughout the plant at fixed stations, 
not only to determine sources of noise but to provide base levels against which to 


measure effects of any steps taken to reduce the noise levels. This, of course, also 


gives an indication of the significance of individual noise sources in the over-all pic- 


ture. [extreme care must be taken in using sound-level meters to ensure accuracy. 


The calibration must be checked frequently during a survey; the instrument must 
be kept away from the body, and it should not be set on the floor or on any object 


which is vibrating, for this type of vibration will give a reading on the instrument 
independent of the noise in the room. 


Following the general survey, detailed studies must be made of individual noise 
sources. The importance of determining frequency distribution cannot be over- 
emphasized. This is well illustrated by the chart showing octave-band analyses of 


iat 
4 ge 

we 
: 

qa ~ 

i 

4 

2 


WILLIAMS—PLANT ENVIRONMENTAL STUDY 111 


two noises, both above 100 db. One at 104-105 db. over-all pressure shows values 
in excess of 95 db. in the 20-75, 75-150, and 150-300 cps bands, but above 300 cps 
all readings are below 82 db. Thus the values in the 600-1200, 1200-2400, 2400+ 
4800 bands, which are used to establish speech interference levels and are potentially 
most hazardous, are all below 80 db. The second curve shows a noise having an 
over-all value of 106 db. but with an entirely different octave-band pattern. Below 
300 cps all values are below 85 db., but in the higher bands, sound levels exceed 
90 db. In the critical 600-1200, 1200-2400, and 2400-4800-ceps bands, values greater 
than 100 db. were found. Here are two noises of approximately the same sound 
levels on an over-all basis, but having entirely different character. In the first case 
conversation can be carried on at distances of 18 in. to 2 ft. (approximately 45 to 
60 cm.), while in the second, conversation is impossible. Even by shouting loud 
enough to induce pain in the hearer’s ear, one cannot be understood. It is interesting 


OCTAVE BANO ANALYSES 


+ 


4. 
20- 75- 150- 300- 600- 1200- 2400- 4800- cps 
7a 150 300 600 1200 2400 4800 000 


Octave-band analyses of two industrial noises. 


to note also that individuals in the plant estimated that the second noise was about 
twice as loud as the first. Calculation of loudness gives a value of 345 sones ' for the 
first noise, 615 sones for the second. This example brings out, forcibly, the neces- 
sity of knowing the frequency distribution of any noise in order to evaluate it 
properly. 

A fourth and equally important step is to study noise sources in an attempt to 
determine precisely what is responsible for each of the various band levels. This 
is essential if one is to attain control most economically. As in the case of toxic 
materials, it is much more desirable to control at the source than to attempt to 
provide protection of an entire room or building. Widespread acoustical treatment 


1. Sone is a unit of loudness defined as “the loudness of a 1000-cps tone 40 db. above 
threshold” (Beranek, L. L.: Acoutical Measurements, New York, John Wiley & Sons, Inc., 
1949, p. 33). See also A. S. A. 224.1 (Proposed American Standard for Acoustical Terminology, 
p. 22). 
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does not necessarily protect the operator of a machine. In a case where there are 
many noise sources it is essential to identify and control the ones producing the 
greatest sound pressures and reduce these before any significant over-all reduction 
can be obtained. In most cases they will not be obvious. In a recent survey in 


which an octave-band analysis was made, a sharp peak was found in the 300-600 cps 
band in one location which did not occur elsewhere although the general shape of 


the curve was the same. Study of the machine producing the over-all noise being 
measured revealed a motor and blower used for cooling purposes. A narrow-band 
analysis of this noise showed a peak at 420 cps. A complete study of the entire 
machine is now under way, with a vibration pickup and octave-band analyzer being 
used to determine the contribution of various machine parts and motions to the 
noise pattern. Studies of this type to determine sources of noise energy, trans- 
mission, and reflection are the ultimate responsibility of machine manufacturers, for 
the control of inherently noisy equipment is a problem of design. In the industrial 
plant using such equipment, only such factors as good lubrication and maintenance, 
vibration-absorbing mounting, and acoustical enclosure are available as control meas- 
ures except in unusual circumstances. 

It is thus obvious that many studies of industrial noise must be completed in a 
wide variety of industries in order to understand the noise problem. These should 
be carried out simultaneously with audiometric studies of exposed employees wher- 
ever possible. Such investigations should be complete, with data not only on sound 
levels but on frequency distribution and on the physical characteristics of the 
environment. Only in this way can we hope to solve the industrial noise problem 
effectively. 
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ESTIMATING PERCENTAGE LOSS OF HEARING 


HOWARD A. CARTER, M.E. 
CHICAGO 


F' IR MANY years specialists in otology and acoustics have worked on the 
formulation of a practical method for estimating loss of hearing in terms of 
percentage. Although many have approached this problem from different points of 
view, the specialists have failed to agree on a universally acceptable method. In 
1942, I discussed this problem in an article ' and described 11 ditferent methods 
that had been used or suggested for the estimation of hearing loss. For example, 
the Army (1940) adopted a method using the spoken word at a distance of 20 ft. 
(6 m.) between the speaker and the registrant. The Navy (1938) employed a 
method using the voice test and a ticking watch. The applicant was placed 15 ft. 
(4.5 m.) away from the examiner. The Veterans Administration (1940) utilized 
the voice test, varying the distance between the speaker and the patient, and also 
employed tuning forks. The Kessler conversational-voice method used a table to 
estimate the percentage loss. The Fletcher (Western Electric Company) method, 
the Maico and the Sonotone methods, the Kenny, the Sabine, and the two Fowler 
methods required the audiometer as the basic instrument. 

In 1942, the Council on Physical Medicine and Rehabilitation, being guided by 
its advisory committee on audiometers and hearing aids, published the Fowler- 
Sabine method, which wil! be discussed in this paper.* 

In’ 1938, the lack of uniformity in methods induced the courts of law, insurance 
companies, compensation,courts, and other interested bodies to ask the Council on 
Physical Medicine and Rehabilitation to formulate a method for determining hearing 
loss. The Fowler-Sabine method was adopted in 1939 by the House of Delegates, 
and the Section on Laryngology, Otology, and Rhinology at the Annual Session of 
the American Medical Association in 1942. Now nine years have passed and its 
limitations are beginning to appear. 

Discussions with specialists in otology, acoustics, and physics over a period of 
years led the Advisory Committee on Audiometers and Hearing Aids to the con- 
clusion that a practical procedure for estimating percentage loss of useful hearing 


should fulfil certain requirements.’ The method, which is suggested only for 


Mr. Carter is Director of Biophysical Investigations, Council on Physical Medicine and 
Rehabilitation, American Medical Association. 

Read at the Conference on the Problems of Noise in Industry held in Atlantic City, N. J., 
April 23, 1951, under the sponsorship of the Acoustical Society of America, the American 
Academy of Ophthalmology and Otolaryngology (Sub-Committee on Noise in Industry, of the 
Committee on Conservation of Hearing), and the American Medical Association (Council on 
Industrial Health and Council on Physical Medicine and Rehabilitation). 

1. Carter, H. A.: Review of Methods Used for Estimating Percentage Loss of Hearing, 
Laryngoscope 52:879-890 (Nov.) 1942. 

2. Tentative Standard Procedure for Evaluating the Percentage Loss of Hearing in Medico- 
legal Cases: Report of Council on Physical Medicine, J. A. M. A. 133:396-397 (Feb. 8) 1947. 


3. Personal communications ; unpublished data. 
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medicolegal or industrial cases, should be (1) easily understood, (2) easily and 
quickly applied, (3) free of complicated mathematical calculations, (4) easily inter- 
preted before any jury, (5) designed for both ears jointly considered for the whole 


individual, (6) based on air-conduction data obtained from standardized audi- 


ometers, (7) weighted to give preference to the frequency range of the spoken 
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voice, and (8) founded on the best available acoustical and clinical scientific 
evidence. [n my opinion the A. M. A. (Fowler-Sabine) method fulfilled the above 
requirements, \pparently others, including the very professional and business 
groups that asked the Council and its Advisory Committee on Audiometers and 
Hearing Aids to compile a method, believed otherwise. 


The Fletcher method, proposed much earlier, used the audiometer for collecting 


hearing-loss data in decibels. The decibel readings are converted by a formula into 
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percentage loss of speech. The average readings for 512, 1024, and 2048 eyeles per 
second (cps) are multiplied by a factor, 0.8, to obtain the percentage figure. This 
method is extremely simple to work out. It has the disadvantage of dealing with 
but one ear at a time and does not compute a joint percentage loss for the two ears. 
Charts 1 and 2 show the Fowler-Sabine audiogram and hearing-loss computa- 
tions. All that is necessary to do is to follow the directions as printed at the bottom 
of the card. It is not hard to estimate the total loss of hearing of the individual 
by the simple calculations. Most careful consideration was given to the selection 
of the percentage values printed on the face of the chart. These percentages are 
based on the existing data bearing on the relative importance of the different por- 
tions of the auditory frequency and intensity range in the hearing of speech. The 
percentages that are shown on the charts were arrived at from quantitative data 
to be found in selected references recorded in footnotes of the Council's published 
report.” 

When released for field trial the method was used in courts of law and by 
compensation boards, but apparently the method was never adopted officially by 
any state. The Fletcher method, on the other hand, has been used in the State of 
New York. To illustrate the differences between the two methods. calculate the 


Comparison of the Values Obtained by Two Methods of Computing Percentage Loss of Hearing 


Joseph Doe Abivail Doe 
Method Right Ear Left Ear Binaural Right Ear Left Ear Binaural 
Fowler-Sabine ..... a 45.4 93.1 51.3 15.3 83.0 23.7 
27.0 63.0 9.0 55.0 


percentage loss of hearing of two individuals. Chart 1 is an audiogram and hearing 
loss chart ‘of a mythical Joseph Doe, whose hearing loss is represented by the curve. 
The data for the curves are obtained on an acceptable audiometer. Following 
the directions, one finds that Joseph Doe has a binaural hearing loss of 51.3%. The 
percentage loss for each ear separately is 45.4% for the right ear and 93.1% for the 
left ear. By the Fletcher method the hearing loss in the right ear is 27% and that 
in the left ear 63%. Again, in Chart 2 Abigail Doe is shown to have a severe hear- 
ing loss in the left ear but fairly good hearing in the right ear. This audiogram 
shows a not uncommon hearing loss. By the Fowler-Sabine method the binaural 
loss is 23.7%. Consider each ear separately. ‘The loss in the right ear is 15.3%, 
and that in the left ear is 83.00. The Fletcher method indicates a loss of 9% for 
the right ear and 55% for the left. The accompanying table compares the values 
obtained by the two methods. 

The proof of the pudding is in the eating. The American Medical Association 
method was revised and published in The Journal of the American Medical Associ- 
ation, Feb. 8, 1947, and, was then subjected further to a field trial. 


COMMENT 

The method is not intended to fix the amount of compensation, but it is intended 
to compute the “percent loss of capacity to hear speech.” Further, the American 
Medical Association method is designed to consider the hard-of-hearing individual 
as a whole and not each ear separately. .\coustical weighting values are besed on the 
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most carefully controlled data and on the outcome of trials involving hearing-loss 
compensation. The physicians are reminded that the alertness of a trial lawyer is 
frequently an important factor in the outcome of the trial. 


CONCLUSIONS 


Medical and legal groups now recognize that further examination must be given 
to the problem of estimating the percentage loss of hearing. This has been prompted 
by recent litigation, especially in the State of New York. The Advisory Committee 
on Audiometers and Hearing Aids, of the Council on Physical Medicine and Reha- 
bilitation, and the Committee on Conservation of Hearing of the American Academy 
of Ophthalmology and Otolaryngology are now working on a revised method. A 
joint subcommittee appointed by these two representative bodies desires to recon- 
cile the differences which now exist among the biophysical, clinical, and engineering 
approaches to the problem. 

The legal aspects of the problems of compensation are not being overlooked. 
Also the relative merits of determining the degree of loss of hearing by a speech 
audiometer are included in this study. Finally, when the theoretical and technical 
elements of the new method are supported by the factual data assembled from 
research, the method will be checked with the clinical findings in the field. 

Many efforts have been made to compile a method acceptable to all interested 
parties, and each effort has been a step in the right direction. The final solution 
will probably be a compromise based on the best ‘available evidence. It is hoped 
that the deliberations of the aforementioned joint subcommittee will produce a 
solution which will meet and solve the medicolegal emergencies now existing. 
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NOISE SAFETY CRITERIA 


KARL D. KRYTER, Ph.D. 
WASHINGTON, D. C. 


ANY OBSERVATIONS have been made over the past hundred years 

attempting to establish the intensities of noise or unwanted sound to which 
man can be safely subjected. Criteria of noise safety could conceivably be necessary 
for a number of effects that have been attributed to noise. Among these attributed 
effects are found annoyance and increase in “nervousness,” increase in blood 
pressure and muscle tonus with resulting excessive fatigue, interference with the 
reception of danger signals and auditory communications in general, and, foremost, 
damage to the hearing mechanism. If noises of extreme intensity, such as are 
found near modern jet engines, blasts, etc., are considered, additional deleterious 
etfects are found. The present discussion, however, will be concerned with more or 
less steady-state or regular noise at intensities such as may be found in heavy 
industrial factories. 

It is in order now to define and describe certain noise conditions and the effects 
they have on people. 

1. When auditory communications are not involved in work performance in 
noise fields of intensities as great as those found in “boiler factories” (over-all 
noise intensities reaching as high as 120-125 db. re 0.0002 dyne/sq. em.), work 
performance and output are not significantly affected by the presence of the noise, 
nor will the workers be more fatigued because of the noise, provided the workers 
are experienced personnel. 


2. Industrial noise, again when auditory communications are not involved in 
the job, does not seem to cause feelings of annoyance or nervousness among 
adapted workers. These negative effects of noise seem contrary to the reactions 
which we experience when first exposed to intense noise and also to a certain 
number of studies made on the subject. This apparent inconsistency can be 
explained by facts forthcoming from carefully controlled experiments and_ field 
studies. First, a person may be “bothered” by noise, with an adverse effect on 
production, for as long as the first several weeks spent working in intense noise ; 
however, the average person quickly adapts to the extent that the noise becomes 
an expected part of the work environment. Studies show that this adaptation is 


Dr. Kryter is Director of Human Resources Research Laboratories, Headquarters Com- 
mand, Bolling Air Force Base. 

Read at the Conference on the Problems of Noise in Industry held in Atlantic City, N. J. 
April 23, 1951, under the sponsorship of the Acoustical Society of America, the American 
Academy of Ophthalmology and Otolaryngology (Sub-Committee on Noise in Industry, of 
the Committee on Conservation of Hearing), and the American Medical Association (Council 
on Industrial Health and Council on Physical Medicine and Rehabilitation). 
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both psychologically and physiologically complete. Second, there has been some 
confusion in the literature caused by generalizing from observations made on the 
effects of sudden unexpected noises and in situations where the workers were not 
given sufficient time to adapt. Unexpected sharp bursts of noise or blasts do 
constitute safety hazards in causing upsetting psychological and physiological 
reactions. 

Positive deleterious effects of steady-state or regular noise are readily recognized 
i attention is directed toward measures of interference with speech or feelings of 
pain and to the depression of auditory acuity. 

It is not the major purpose of the present paper to discuss criteria of satis- 
factory speech communication. Suffice it to say that an exact criterion has been 
established. For speech of conversational level, any noise exceeding roughly 40 db. 
re 0.0002 dyne/sq. em. within any critical band or at any one frequency up to 
2,000 cycles per second (eps), and less above 2,000 cps, can mask to some extent 
the speech signal. This is an exceedingly low level of noise, about comparable, as 
a matter of fact, to the level in a very quiet office. It can be considerably increased 
before the masking effects would be termed obnoxious, but it represents a con- 
servative, realistic criterion for maintaining perfect audibility of speech of conver- 
sational level. Conversational speech usually measures about 72 db. re 0.0002 
dyne/sq. em. over-all at a distance of 3 ft. (91 cm.) from the talker. 

Davis and Silverman have measured different kinds of auditory thresholds or 
criteria, They found that feelings, all localized in the ear, of discomfort, tickle, 
and pain are reached at approximately 120 db., 138 db., and 140 db. above 0.0002 
dyne/sq. cm., respectively. These sound levels, however, are seldom encountered 
in industry and probably do not concern us here. 

()f paramount concern to us is, of course, the establishment of criteria for the 
deafening etfects of noise. The determination of an absolute noise level above which 
damage to the ear can be expected and below which the average person will be 
safe in this regard has been made exceedingly difficult because of (1) variations 
in noise spectra in the different industrial and laboratory investigations directed 
toward this problem, (2) the uncertainty as to auditory thresholds prior to noise 
exposure, (3) the wide range of tolerances for noise damage exhibited by people, 
and (4) the remarkable recuperative power of ears which have been exposed to 
noise. “Deafness” is here defined as any below-normal depression of auditory acuity. 

The papers of Temkin, Larsen, Coosemans, Rosenblith, and Sacher in Europe, 
and Bunch, Gardner, MeCoy, Chamberlain, Guild, and Machle in America, to 
mention but a few of those who have made observations on the deafening effects 


of noise in industry and war, all attest to the impossibility of specifying with any 


exactitude the amounts of deafness to be expected from the average “normal” 
person as a function of noise spectra and intensity level. Nearly all degrees of 
deainess from industrial noise have been measured. The general finding is that 
temporary deafness is common but that permanent defects from which there is no 
recovery do occur in a significant number of workers. Temporary deafness from 
noise tends to be alleviated usually at a rapidly decelerating rate after exposure ; 
some small improvement, however, has been occasionally recorded for as long as 
two months after exposure to deafening noise. 

Further research should be conducted to establish standards for recovery time. 
For practical purposes, when is deafness to be considered ‘“permanent’’—imme- 
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diately after exposure? After a worker has had a night’s sleep? Or 24 hours or 
one week of rest? In most cases different values will be obtained for each period 
of rest. 

Also, questions can be raised regarding cumulative effects or increased suscepti- 
bility following repeated insults from noise. By re-treating data reported by Gard- 
ner and by Rosenblith for men with varying years of experience in shipyards and 
boiler factories to correct for ditferences in age, one finds that industrial deafness 
due to the noise factor does not seem to be cumulative. When it occurs, deafness 
due to noise occurs very early in the career of the industrial worker. This 1s 
generally true, of course, when work environment is constant throughout the 
worker's career. 

It should be pointed out that in given occupations and factories that have been 
studied, deafness occurs for but a certain percentage of the members of the person- 
nel exposed to the same noise conditions. 

A fair, perhaps conservative, evaluation of the laboratory and industrial studies 
on stimulation deafness would seem to be that with long and intermittent exposures 
any frequency of sound, or with noise of continuous spectra any narrow band not 
exceeding the critical width, that is 85 db. or less above 0.0002 dyne/sq. cm. will 
not cause any temporary or permanent deafness. 

The “guess” that tones 85 db. above 0.0002 dyne/sq.cm. may cause some 
deafness, either temporary or permanent, is true only for long periods of exposure 
applied intermittently over months or years. On the other hand, for brief exposures 
lasting up to an hour, the intensities necessary to cause deafness appear to be in the 
order of 100 db. re 0.0002 dyne/sq. cm. for any frequency or critical band. 

It is possible, but undemonstrable with present data, that the degree of deafness 
could be predicted by using critical band measures of noise intensity and plotting 
such measures relative to 85 db. above the absolute threshold for pure tones. A 


suitable threshold line would be that for minimum audible pressure. Because of ° 


the greater intensities required to reach threshold at low and at high frequencies, 
0.0002 dyne/sq. cm. would represent a more conservative, safer reference point for 
calculating the probable deafening effects of noise than the minimum audible thresh- 
old; further experiments are needed to determine the proper reference level. In 
all probability different frequencies of sound have different deafening values, but 
these values are not as vet adequately known. 

Because noise-level meters as commonly used add together the pressures present 
in a noise throughout the range of sound frequencies, the over-all measures of noise 
level such as are often cited do not necessarily indicate their deafening effects. For 
example, a noise containing all frequencies at approximately equal intensity would 
measure more than 30 db. higher than any single frequency component or about 
20 db. greater than any “critical band” of the noise. If the energy in a noise were 
mostly in the low and/or high frequencies, the over-all intensity level would be 
even less indicative of its potential deafening effects. 

It is clear that the spectrum of a noise must be analyzed before its deafening 
value can be estimated. 

In summary, it appears justified on the basis of present knowledge to propose 
several rather tentative criteria for industrial noise that is continuous or repetitive : 
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1. Criterion for voice communications: For perfect work conditions in offices 


or other work situations in which person-to-person voice communication at near 


conversational intensities is required, the noise or “unwanted sound” spectra should 
not exceed about 40 db. re 0.0002 dyne/sq. cm. at 2,000 cps or for the critical 
hand at that point and even less at higher frequencies. 

2. Criterion for deafness: For work situations requiring minimal amounts of 
voice communication the maximum safe intensity for exposure for indefinite periods 
is around 85 db. re 0.0002 dyne/sq. em. for tones or critical bands in the case of 
noises of continuous spectra. This &5-db, criterion is an extra safe figure; further 
research will probably indicate the necessity for revising this value upward for the 
frequencies below 1,000 eps and above 3,500 eps. 

3. Criterion for nonauditory work output: Except for possible damage to the 
ear, regular or expected noise as high as 100-110 db. re 0.0002 dyne/sq. em. per 
critical band can be tolerated with no detrimental psychological or physiological 
effects, provided the worker has had sufficient time to adapt. 
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EAR LESIONS CAUSED BY ACOUSTIC TRAUMA 


STACY R. GUILD. Ph.D. 
BALTIMORE 


OST of the participants in today’s conference are not specialists in the 

anatomy and pathology of the ear. The purpose of including this paper in 
the program is to help them visualize what acoustic trauma actually does to the 
structure of the ear. The basic facts about the topic, aural lesions caused by acoustic 
trauma, have been established for more than a third of a century; therefore this 
paper is primarily educational in nature, not a report of new investigations. 

The popular conception, or misconception, is that loud sounds injure the ear 
drum. By the term “ear drum” nonspecialists, including many physicians, mean 
the drum membrane or tympanic membrane. Properly used, the term “ear drum” 
is synonymous with the tympanum, which is the entire middle ear, not just the 
thin membrane that separates the deep end of the external auditory canal from the 
cavity of the middle ear and to which is attached the outer one of the chain of three 
small bones, called auditory ossicles. If the damage to the ear, by acoustic trauma, 
were limited to the drum membrane, the situation would be far less serious than it 
is actually. The truly serious injury to an ear exposed to intense sound is to its 
specialized neuroepithelial receptor, the so-called organ of Corti, in the inner ear. 

To portray and make understandable what actually happens, it will be necessary 
to spend some time in a review of the normal anatomy of the ear, with emphasis 
on certain details of the microscopic structure of the organ of Corti. * 


{To illustrate pomts made in the review of the normal anatomy of the ear, 


fifteen drawings and photomicrographs were projected by means of lantern slides. 


Neither the statements about normal structure nor the illustrations are reproduced 
in this report of the conference. All of the illustrations have previously been pub- 
lished, and either they or other pictures serving the same purpose can be found in 
textbooks by readers who wish to refresh their memories of aural morphology. | 

From the review of the anatomy of the inner ear, it is especially important, 
when discussing acoustic trauma, to keep in mind two points: (a) The nerve fibers 
of the nerve of hearing terminate in contact with hair cells of the organ of Corti; 
(b) this morphologic fact makes it evident that from the standpoint of hearing the 
hair cells are essential structures, no matter what theory of cochlear physiology 
eventually is proved to be correct. 


A résumé of an illustrated talk given at the Conference on Problems of Noise in Industry, 
held at Atlantic City, N. J., April 23, 1951, under the sponsorship of the Acoustical Society 
of America, the American Academy of Ophthalmology and Otolaryngology (Sub-Committee 
on Noise in Industry, of the Committee on Conservation of Hearing), and the American Medical 
Association (Council on Industrial Health and Council on Physical Medicine and Rehabilitation). 
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The primary lesion caused by acoustic trauma, whether this has been a detona- 
tion or a continued sound at a high level of intensity, is destruction of hair cells of 
the organ of Corti. With detonations the destruction occurs suddenly; with loud 
noises and tones the destruction occurs gradually. -xactly how the acoustic energy 
destroys hair cells is not known, and this is not the place to enter into speculations. 
It is well established that the outer hair cells of a region of the cochlea are more apt 
to be destroyed by acoustic trauma than are the inner hair cells. It is also known 
that if the trauma is severe enough, all the epithelial parts of the organ of Corti 
(this excludes the basilar membrane) may be disintegrated in a region, though not, 
so far as has been observed, throughout the entire length of the cochlea. 

The above statements about the effects of acoustic trauma are based on animal 
experiments, not on histologic studies of human ears, for the sufficient reason that 
only with animals can histologic studies be instituted soon after the ear has been 
exposed to the injurious force and before secondary changes make difficult a 
decision as to what happened first. 

During the decade just preceding World War I, several European investigators, 
and one Japanese working in Europe, carried out good experimental studies of the 
effects of various forms of acoustic trauma on the ears of animals. It is perhaps 
of interest to note that all of this early group of investigators were otologists, not 
professional physiologists, anatomists, pathologists, or psychologists. Only one of 
them will be mentioned by name today. Wittmaack, then at Greifswald, made the 
first report, in 1907, and his success in demonstrating cochlear lesions in animals 
exposed to noise promptly encouraged other investigators to adopt the general 
method and to adapt it to the study of other problems of cochlear physiology. A 
considerable number of papers bearing directly or indirectly on the topic of lesions 
caused by acoustic trauma appeared in the next few years. [or the purposes of the 
conference today a review of this literature is not necessary further than to remark 
that most of these reports of experiments made before vacuum-tube circuits were 
known are even yet well worth careful perusal. 

Similar lesions have been found by every investigator, down to the current year, 
who has seriously studied such problems. The examples to be shown today are 
from a study made by me in 1917 and 1918. Except for the matter of convenience 
(the lantern slides were already made) examples could as well have been taken 
from the earlier or from the later reports of other workers. 

Destruction of hair cells of the organ of Corti is the primary lesion caused by 
acoustic trauma. Histologically, the lesion observed may consist of destruction of 
only an oceasional one of the outer hair cells in a very limited region of the cochlea, 
or of the destruction of all the outer hair cells in a region of the cochlea, or of 
destruction of the inner hair cells as well as of the outer hair cells of a region (this 
degree of injury is usually accompanied by more or less disorganization and disin- 
tegration of the supporting framework of the organ of Corti), or, in the severest 
form, of complete destruction of all epithelial parts of the organ of Corti in a limited 
region of the cochlea. In all cases, when the damaged area is followed in serial 
sections along the length of the cochlea, regions of severe injury are adjacent to 
regions of less severe injury, which in turn are continuous with regions that are 
normal in histologic appearance. 

| Five examples of lesions of the organ of Corti of guinea pigs, each of which 
had been killed 48 hours after exposure to a blast wave from a detonation, were 
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shown, by means of lantern slides, to illustrate the range of severity of the injury 
to the receptor organ of hearing that may be caused by acoustic trauma. These 
illustrations are not reproduced in the report of the conference; interested readers 
can find all of them, and others, in the author’s paper that was published in the 
Journal of Laboratory and Clinical Medicine 4:153-180 (Jan.) 1919.] 

Lesions of the organ of Corti, similar to those just shown in guinea pigs and 
definitely known to have been caused by acoustic trauma, are not infrequently found 
in the microscopic study of ears of persons who have died from diseases not related 
to the ear. In most instances it is impossible to prove unequivocally that the lesions 
observed in human beings were caused by acoustic trauma, because clinical histories 
are usually inadequate with respect to the matter of the patient’s having been 
exposed to occupational noise and because the interval between such exposure, if 
known to have occurred, and the date of death is usually long. However, the simi- 
larity of the lesions in human ears and those in the ears of animals deliberately 
exposed to acoustic trauma is so striking that specialists in pathology of the ear are 
certain that acoustic trauma injures human ears in the same way it does the ears of 
experimental animals. 

[In the presentation, lantern slides were used to show five examples of the 
human organ of Corti with lesions that closely resemble the lesions shown pre- 
viously in ears of guinea pigs. These five illustrations are from the paper by Crowe, 
Guild, and Polvogt, entitled, “Observations on the Pathology of High-Tone Deaf- 
ness,” in the Bulletin of The Johns Hopkins Hospital 54:315-380 (May) 1934.] 

The complex terminal arrangement of the nerve fibers, within the organ of 
Corti itself, cannot be satisfactorily studied in histologic sections ; therefore, evalua- 
tion of the damage to the terminal nonmedullated fibers near the hair cells is 
exceedingly difficult. Demonstration of nerve fibers crossing the tunnel space is not 
sufficient to prove that the hair ceils normally supplied by them actually are effec- 
tively innervated. 

Secondary to the destruction of the hair cells, changes may occur in the ganglion 
cells of the netnve fibers that terminated on the hair cells and in the nerve fibers 
themselves. The amount of the changes in the nerve cells and fibers is exceedingly 
variable ; such changes as do occur are always limited to the parts of the nerve of 
hearing that supply the regions of the cochlea in which damage to the organ of 
Corti has occurred. It should be noted here that some investigators have regarded 
the lesions observed in the ganglion cells and in the nerve fibers as primary results 
of acoustic trauma, rather than as changes secondary to the lesion of the end organ. 
From the practical standpoint of preventive medicine, the question of primary or 
secondary is, in this instance, not an important one. 

In closing, it should be noted that there is no evidence, and no good reason to 
believe, that hair cells of the organ of Corti, once destroyed, are ever replaced or 
regenerated. In other words, acoustic trauma can cause an irreversible lesion 
of the ear. 
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CLINICAL ASPECTS OF THE PROBLEMS OF NOISE IN INDUSTRY 


HOWARD P. HOUSE, M.D. 
LOS ANGELES 


HE COMMITTEE on Conservation of Hearing of the American Academy 

of Ophthalmology and Otolaryngology represents the largest organized group 
of eye, ear, nose, and throat specialists in the world. Its earliest effort was directed 
toward the prevention of deafness due to disease. To this was added a program of 
early detection of unsuspected impairment of hearing in school children. As a 
result, in nearly all schools now audiometric tests are routinely performed on 
children, and many hearing losses are discovered early enough to be remedied 
before permanent damage occurs. 

Recognizing that a similar situation existed relative to noise, a subcommittee 
was appointed some four years ago, under the chairmanship of Dr. William 
Grove, to study this phase of hearing conservation. A practical research program, 
under the direction of our field representative, Dr. Douglas Wheeler, has now 
been in progress approximately two years. Our conclusions to date are available 
to any who may wish to have them for reference. Considerably more time will be 
necessary, however, before many questions pertaining to the medical aspects of 
this problem can be solved. 

In a patient with nerve loss the higher tones are diminished first ; consequently 
he is often unable to hear a telephone bell in another room, and he may notice he 
hears ayman’s voice better than the higher-pitched voice of a woman. As the loss 
progresses, the patient begins to speak louder because he doesn’t hear his own 
voice, Likewise, he begins to speak in a monotone with little modulation. Because 
low tones are heard better than high tones, noise seems unduly loud and the 
patient hecomes confused in attempting to converse in a noisy environment. Dis- 
turbing head noises known as tinnitus may develop, owing to irritative stimuli 
within the patient’s cranium. 

In advanced nerve loss, even amplification by means of a hearing aid may not 
be tolerated, and the individual then must rely largely on his ability to lip-read 
for conversational purposes. 


Clinical examination of these patients fails to reveal any positive physical 
abnormalities. The ear canal, the eardrum, and the Eustachian tube are normal, 
and vet the patient does not hear. 


From the Sub-Committee on Noise in Industry of the Committee on Conservation of 
Hearing of the American Academy of Ophthalmology and Otolaryngology. 

Read .at the Conference on the Problems of Noise in Industry, Atlantic City, N. J., April 
23, 1951, which was co-sponsored by the Acoustical Society of America, the American Academy 
of Ophthalmology and Otolaryngology (Sub-Committee on Noise in Industry, of the Com- 
mittee on Conservation of Hearing), and the American Medical Association (Council on 
Industrial Health and Council on Physical Medicine and Rehabilitation). 
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The diagnosis of nerve impairment from any cause, and there are many, is 
established by history, by observation of the patient’s voice, and by audiometric 
tests. The underlying exact cause of the nerve impairment, however, is often 
difficult to determine. 
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Chart 1—An audiogram revealing varying degrees of acoustic trauma. The speech fre- 
quencies are affected to a considerable degree in the more advanced stage. Note the early 
slight dip at the frequency of 4,000 cycles per second in both ears, which may progress on 
further exposure to involve the speech range. 
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Chart 2.—An audiogram representing progressive nerve loss of senile vascular origin. The 
ages of the patient corresponding to the successive records are shown at the right. 


Early nerve damages due to acoustic trauma can be diagnosed even before 
the individual himself becomes aware of a hearing loss, by the characteristic bilateral 
and nearly symmetrical audiometric findings (chart 1). 

When this early audiometric change is noted in a person who works where 
there is a high noise level, it indicates susceptibility. If adequate protective measures 
are instituted, further progression can often be prevented. Such measures include 
the use of ear plugs or ear muits, which are available commercially. If, in spite of 
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these measures, the hearing curve should continue to recede on subsequent routine 
periodic audiometric tests, the person should be transferred to a less noisy working 
environment in the interest of hearing conservation. Unfortunately, once the hear- 
ing nerve is damaged, little can be done medically or surgically to restore its 
function. 
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Chart 3.—Audiogram in a case of uncertain diagnosis. 


If this nerve loss continues and is not detected by periodic audiometric tests, 
the individual sooner or later becomes aware of his hearing impairment. He has 
trouble conversing with his wife, and he begins to miss telephone and door bells. 
He finds it is becoming more difficult for him to converse in a noisy environment, 
and he begins to avoid social contact. 

Audiometric tests at this interval will reveal that the high-tone loss is now 
encroaching on the conversational frequencies. 
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If, after reaching this stage, protective measures are not adopted and the 
individual continues to work in noise of high intensity, the nerve function may 
recede to a point where even a hearing aid will not be of benefit. He then must 
be taught to lip-read in order to communicate with his fellow men. 
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Chart 4.—Audiogram in another case of uncertain diagnosis. 


As the nerve loss in acoustic trauma becomes more marked, the findings more 
closely resemble nerve damage due to other causes. 

The differential diagnosis then becomes increasingly difficult and must include 
a consideration of long-standing changes in the nerve due either to congenital 
defects or to defects secondary to childhood disease 

Both of these conditions are nonprogressive, but unless preemployment audio- 
grams are available, the history stated by the patient as to whether or not a hearing 
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loss was present before he was emloyed in noise often may be the deciding issue 
in the differential diagnosis. 


The following case history illustrates this point : 


A 34-year-old man had been aware of head noise for five months since a blast injury. His 
loss of hearing was detected by a friend and called to the patient’s attention three weeks after 
the blast. The patient had worked in noise for two years. His mother was congenitally deaf. 
His father had been deaf since 2 years of age, owing to meningitis. 

The results of a physical examination were essentially negative except for the characteristic 
speech of a nerve-deafened patient whose deafness was of long standing. 

An audiogram demonstrated advanced nerve loss. 

The differential diagnosis included all causes of bilateral nerve loss. 

The family history, the patient’s characteristic speech, his unawareness of a hearing loss, 
and his excellent lip-reading ability all indicate a long-standing hearing loss, probably con- 
genital in origin. 

In view of the patient's statement concerning normal hearing prior to the blast and since 
preemployment audiometric records were not available, the diagnosis of 


acoustic trauma 
cannot be eliminated. 


Causes of advanced nerve loss which is bilateral and progressive include (1) 
syphilis, (2) chronic toxemias (dental, tonsillar, prostatic), (3) drugs (alcohol, 
quinine, nicotine, streptomycin, etc.), (4) advanced otosclerosis, (5) senile vascular 
changes (arteriosclerosis), (6) and others. The following case illustrates this 
problem : 


A man aged 49 had a hearing loss of three months’ duration and insidious onset. He had 
been aware of head noise for three months. He had worked in the presence of a noise level 
of 120 db. these three months. 

A physical examination gave essentially negative results. 

An audiogram demonstrated advanced nerve loss. A preemployment audiogram made three 
years before revealed early nerve changes. Periodic audiograms, however, had not been made 
since his employment. 


The differential diagnosis includes syphilis and drugs, which can be readily eliminated. 
The possibilities then include (1) chronic toxemias (dental, tonsillar, prostatic), (2) advanced 
otosclerosis, (3) vascular changes (senile), and (4) acoustic trauma. 

If the loss were toxic, otosclerotic, or vascular, periodic audiograms would have revealed 
progression over the original nerve loss noticed on preemployment examination. As the 
patient stated he had noticed no loss prior to entering the high noise level and no audiograms 
were made immediately before his entry into this noise, the diagnosis of acoustic trauma 
cannot be eliminated. 

SUMMARY 


The diagnosis of early acoustic trauma is not difficult. Audiometric tests will 
reveal a characteristic dip in the frequency of 4,000 cycles per second long before 
the patient becomes aware of any symptoms referable to his ear. 

The differential diagnosis of niore advanced acoustic trauma, after the patient 
becomes aware of his hearing loss, is much more difficult. 

Therefore, preemployment and routine periodic follow-up audiograms are 
essential not only to establish an accurate diagnosis but, much more important, 
to determine the presence of acoustic trauma at the earliest possible moment in 
order that adequate protective measures may be instituted. 

On behalf of the Sub-Committee on Noise in Industry I wish to thank you 
for the privilege of participating in this symposium. It is only through the mutual 
cooperation of all who are interested in the many aspects of the noise problem 
that hearing loss due to acoustic trauma can be reduced. 
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NOISE AND NOISE REDUCTION 
Control Methods Applied 


WENTWORTH D. BOYNTON, B.Eng. 
BALTIMORE 


URING the past, noise has been tolerated in industry as a necessary evil, a 
disagreeable by-product of many industrial plants. The realization that noise 
costs money has come gradually. Perhaps this first became apparent when claims 
were made for compensation for hearing loss said to have resulted from working 
in areas of high noise level. The fact that such damage can occur is becoming 
widely realized and has been a major subject of discussion at this conference. 

The fact that noisy surroundings reduce efficiency has received less attention. I 
do not think anyone would question the disturbing effect of noise on concentration 
of mental effort, but the quantitative measurement of this effect has been a difficult 
problem because of the subjective factors involved. Evidence is also accumulating 
that noise is a handicap to the periormance of the more routine tasks. Several of 
the large insurance companies have run extensive tests on the relationship between 
noise and output as applied to their clerical force. The findings have shown that 
noise reduction pays substantial dividends in higher output, fewer mistakes, and 


improved morale. Others have shown that this applies equally to factory workers. 


There are a number of ways to control noise in an industrial plant. The method : A 
or combination of methods used depends primarily on economic considerations. To i 7 
illustrate some of these n,ethods, | am going to describe their application in a noise : 
problem which my associates and | had at Point Breeze—that of the high-speed : 
braiders. But before attacking this problem, | believe that some general informa- : 
tion about noise and noise measurement would be of interest. : 

Noise has been defined as sound composed of discordant vibrations. More . 
simply, noise is unwanted sound. The unit of noise measurement is the decibel (db.), é 


so named by the group at the Bell Telephone Laboratories, where much of the funda- 


mental work on sound and sound measurement has been done. The decibel scale is 
a logarithmic one, and zero on this scale is roughly the weakest sound which can be 
heard by a person with very good hearing. On this scale a sound such as a whisper 
may have a level of 25 db., while the noise of an average boiler factory will measure 
about 110 db. To help in visualizing various sounds in terms of their decibel read- 


ings, I have prepared a chart (Fig. 1) showing decibel values of typical sounds. 


Mr. Boynton is a development engineer of the Western Electric Company, Point Breeze 
Works. 

Read at the Conference on the Problems of Noise in Industry held in Atlantic City, N. J., 
April 23, 1951, under the sponsorship of the Acoustical Society of America, the American 
Academy of Ophthalmology and Otolaryngology (Sub-Committee on Noise in Industry, of 
the Committee on Conservation of Hearing), and the American Medical Association (Council 
on Industrial Health and Council on Physical Medicine and Rehabilitation). 
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The human ear is a truly rensarkable instrument. The range of sound level from 
0 db., the threshold of acute hearing, to 120 db., about the highest level one can hear 
without pain, represents a range of sound power of a thousand billion to one! This 
may be readily verified by referring to the mathematical equation for decibels : 
Ps 
db. == 10 
a 


where /’, and P, represent the sound power at the two levels under consideration, 
120 and O db. in this case. 

Since decibels are logarithmic units, one cannot add them directly but must con- 
vert to sound powers, add, and then convert the results back to decibels. However, 
there are several practical decibel relationships which are useful to remember and 
require no mathematics to apply. The first is that doubling the sound power increases 
the decibel level by 3. For example, this means that if a single machine has a sound 


TYPICAL SOUND 
AIRPLANE ENGINE TEST CELL 
ROCK ORILL 
AUTO HORN 
PUNCH PRESS, BOILER FACTORY 
TRAIN PASSING SUBWAY STATION 


NOISY FACTORY 
AVERAGE FACTORY 


CONVERSATION 


AVERAGE OFFICE 
AVERAGE OWELLING 


RUSTLE OF LEAVES 
AVERAGE THRESHOLD OF HEARING 


THRESHOLD OF ACUTE HEARING 


Fig. 1.—Decibel values of typical sounds. 


level of say 80 db., two such machines side by side will have a sound level of 83 db. 
Another useful fact which we have determined experimentally is that a large group 
of such machines will have a noise level about 10 db. higher than a single machine 
under average factory conditions. 


l‘requency is likewise an important factor in noise measurement. The human ear 


is decidedly nonlinear in its response to sound of differing frequency, and, to compli- 


cate the matter further, this response changes markedly with change in sound level. 

‘igure 2 shows a set of curves prepared after Fletcher and Munson of the Bell 
Telephone Laboratories, showing equal-loudness contours for the average ear. It 
will be seen that the ear is quite insensitive to the low frequencies, reaches its maxi- 
mum sensitivity between 3000 and 4000 cycles per second (eps), beyond which 
point sensitivity again decreases. This is one reason that high-pitched sounds are 
so objectionable. Another is that the frequency range between 1000 and 2000 cps 
is very important in making speech intelligible. Noise in this frequency band has a 
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poweriui masking effect and makes speech difficult to understand. This is important 
when one is dealing with machine noise. If one can cut down the 1000- to 2000- 
eps band, the meter may not show much reduction, but the personnel in the area 
will be noticeably more comfortable. 
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Fig. 2—Equal-loudness contours for the average ear (reproduced from American Standard 


for Noise Measurement, Z 24.2-1942, p. 11, published by the American Standards Association, 
70 E. 45th St.. New York 17). 
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Fig. 3—Noise reduction as the meter shows it and as the ear hears it. 


3efore leaving this brief discussion of noise fundamentals, it would be well to con- 
sider noise reduction as the meter sees it and as the ear hears it. While the response 
of the ear to noise is approximately logarithmic, a question frequently arises as to 
how a noise reduction of so many decibels sounds. Figure 3 shows how a given 
decibel reduction will sound as a reduction of loudness. For example, a 50% reduc- 
tion of loudness will require an &-db. reduction from 100 db. or a 10-db. reduction 
from 60 db. because of the nonlinearity of the ear’s response. As one may see from 
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the figure, 2 db. represents a reduction in loudness of about 15%. It is interesting 
to note that a 2-db. change in sound level is about the smallest change which the ear 
can detect. 


With this background, one is ready to tackle the problem of machine noise. The 


problem is not a simple one, because the pattern of machine noise is invariably com- 


plex, as would be expected of any mechanism composed of many parts, each having 
its fundamental frequency, and each capable of radiating that frequency if properly 
excited. However, every component of every noise requires a generator and a 
radiator and, with the proper instruments, one can generally identify them. A sound- 
level meter, a sound analyzer, and a vibration pickup are about the minimum 
requirements. Useful additions would be a graphic instrument to chart the many 
frequency spectra which will be made with the sound analyzer, and high-fidelity 
recording and playback equipment to make recordings on the spot for later study 
in the laboratory. The use of some of these instruments to solve a noise problem at 
the plant with which | am associated will be described. 

The insulated-wire shop at Point Breeze is one of the largest insulated-wire 
plants in the world. To the Bell System it is the principal source of drop wire, 
familiar as the wire which brings the telephone service overhead from the pole to 
the home. Drop wire consists of a pair of insulated conductors, over which is applied 
a textile barrier, which in turn is covered by an extruded neoprene jacket. This 
textile barrier consisted until recently of a cotton braid which was applied at a high 
rate of speed by banks of specially designed braiding machines. 

During World War II the braiders ran almost continuously in round-the-clock 
operation to supply the tremendous demand for drop wire from both the telephone 
companies and the military. Wear took place at an accelerated rate because of the 
continuous operation, while substitution of materials and certain departures from 
the drawings were made necessary by the emergency. When the war ended, main- 
tenance costs had gone up, output was down, and the noise level in the area had 
risen substantially. The management decided that an engineering study should be 
made to determine how the braiders could be returned to their former operating 
efficiency and how the noise level in this area of the shop could be reduced. 

There are several methods of reducing noise level. The first is by installing 
sound-absorbing material on surrounding walls and ceiling or, in the case of open 
factory areas, by installing an overhead grid of sound-absorbing panels. We investi- 
gated this method of noise reduction by installing overhead panels in one bay of our 
plant. With machines in the test area operating and the rest of the plant shut down, 
a large number of sound-level measurements were made in this bay and in the sur- 
rounding area. The sound-absorbing panels were then removed, the sound-level 
readings repeated, and the results compared. We found that the overhead panels 
were quite effective in preventing the spread of sound to the adjacent areas but, as 
one might suspect, were of little benefit to the operators of the noisy machines them- 
selves. In addition, the panels were bulky, appeared to interfere with ventilation 
somewhat, and were relatively expensive. We concluded that this would not be a 
practical solution of our problem. 

A second method is to enclose the machine in a sound-absorbing housing. We 
built an experimental housing for one braiding machine, and measurement showed 
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that a substantial reduction of noise was possible. However, the housing introduced 
serious practical difficulties, as can be imagined. Operator time was increased 
because of reduced accessibility of the braiding parts. Floor space requirements were 
increased. Maintenance was made lengthier by the time required to remove and 
replace panels in the housing in order to get at the machine. Getting rid of the heat 
generated by the machine in the enclosed space was another difficulty. These are 
all problems present to a greater or less degree if a machine must be enclosed. Some- 
times enclosure is the only way that a big reduction of noise can be effected, but 
with over a hundred braiders involved, it did not seem an economical solution to our 
problem. 

A third way of reducing noise is to get at the source of the noise in the machine 
itself. This is the best approach where possible. The general method of attack is to 
make a frequency analysis of the noise from the machine with a sound analyzer. The 
various peaks in the resulting noise spectrum can then be associated with some 
factor in the machine motion, such as the rate of rotation of machine parts, the 
number of teeth in gears and drive sprockets, and the nonrotational movement of 
machine components. One can then check one’s conclusions by substituting, for 
example, a V belt for a chain drive, changing gear pitch without changing ratios, 
replacing suspicious ball bearings, or disconnecting nonvital parts, making another 
frequency analysis, of course, as each change is made. By this time one should have 
a pretty good idea what the noise generators are. The vibration pickup should 
then assist one in locating the radiators. The location of these radiators is much 
more difficult because they are frequently parts or on parts which are moving, but 
as the analysis proceeds the direction of attack will suggest itself and if one remem- 
bers that fundamentally the aim is to break the chain of generator-conductor- 
radiator, it is surprising to find the amount of noise reduction possible without a 
major change in design. 

This was the approach we used with the noisy braiders. Several machines were 
removed from the production line and installed in a warehouse where the noise level 
was low and the necessary instruments could be set up and leit undisturbed. Noise 
measurements can be made without difficulty when the noise level of the surround- 
ings is 10 db. less than the machine being measured, because of the logarithmic 
nature of the decibel. For frequency analysis, however, quiet surroundings are 


almost a necessity, because frequency components from the background may distort 
the machine’s noise spectrum and correction is difficult. 


Figure 4 is a general view of our shop, showing a typical high-speed braider. 
The base, of heavy sheet steel, houses two reels, the black being the insulated con- 
ductor, the white, the conductor with braid applied. The wire from the black supply 
reel passes up through the braiding mechanism, over a capstan, and down to the 
takeup reel. The packages of cotton, one for each thread in the braid, are carried 
at two levels or zones. In operation, the two zones of packages revolve in opposite 
directions past each other, and braiding takes place by the action of the deflector 
knives in causing the cotton threads to pass alternately over and under each other 
to form the braid on the wire. Figure 5 gives a more detailed view of the braiding 
head. In operation, a louvered door covers these rapidly moving parts, providing 
safety for personnel. 
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A noise-level and frequency analysis was made of each braider as it was received 
at the warehouse, and one machine was set aside as a control. Since no noise 
measurements of a braider in prewar condition were on record, it was decided to 
rebuild one machine in exact accordance with the drawings and compare it with 
the control. Noise measurement showed that the rebuilding had reduced the noise 


level several decibels but that no substantial change had taken place in the general 


big. 4.—General view of the shop studied, showing in the foreground a typical high-speed 
braider (described in the text). 


noise pattern. Frequency analysis sliowed two pronounced peaks in the spectrum, 
one between 100 and 350 eps, and one between 1000 and 2000 eps. Figure 6 shows 
the noise spectrum of this machine. Experiment demonstrated that the lower fre- 
quency peak was associated with the chain drive and gearing, and the 1000- to 
2000-cps peak with the upper cop carriers, the small rolling carriages which support 
the upper packages of cotton. 
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The vibration pickup showed that the base housing over the reels was vibrating 
strongly at both these frequencies, and we suspected it of acting as a sounding board. 
Accordingly, we mounted the braiding head on rubber isolating bushings but were 
much disconcerted to find that this caused an increase in noise level! The vibrations 
were now gone from the base but gone also was the apparent damping effect of the 
mass of the base on the braiding head. \pparently the base housing was behaving 
like a loud-speaker without a baffle, pumping air back and forth, but transforming 
very little energy into sound. 


Fig. 5.—The braiding head—close-up. 


All the drive elements were carefully rechecked, the silent chain readjusted, 
matched pairs of gears substituted, and all shafts reinspected for straightness and 
alinement. Another frequency analysis showed a substantial reduction in the peak 
between 100 and 350 eps, but the peak between 1000 and 2000 eps was practically 
unchanged. By a process of elimination, we had determined that the higher peak 
Was Originating somewhere in the upper cop-carrier mechanism, but how and where 
we did not yet know. 

The louvered door covering the braiding head was replaced with a transparent 
plastic shield and careful observations of the mechanism in operation were made 
with a high-intensity stroboscopic light. We noted that the cop-carrier rollers passed 
over the thread slots with a bump which appeared to shock-excite the deflector 
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plates on the carriers. It was not possible to verify that the deflector plates were 
radiating, because the carriers were moving at a high rate of speed, but here we 
faced a dilemma. The thread slots were necessary to allow passage of the threads 
alternately over and under the cop carriers to form the braid and hence were an 
essential feature of the design. Changes in the slots would be difficult because 
they were milled directly in the main-head casting. Likewise, the cop carriers were 
a result of long development, and major changes would be expensive. 

Since a substantial portion of the noise was being generated in the braiding 
head and the experiment with the rubber isolating bushings showed noise radiation 
from the base was small, why not close the openings in the head housing and con- 
tain the noise? This was done, and the result was immediately apparent. The 
noise level dropped another 5 db., and most of this reduction occurred above 500 
eps. The change in the character of sound was quite noticeable, for most of the 
harshness was gone. 

The braider as received from the shop had a noise level of 87 db. Rebuilding the 
machine reduced this to &3 db. but left the shape of the noise spectrum relatively 
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Fig. 6.-The noise spectrum of the high-speed braider covering a conductor. 


unchanged. More rigid inspection of, and greater care in the installation of, the drive 
parts reduced the noise level to 81 db., and enclosing the braiding head accomplished 
a further reduction of 5 db., with the largest attenuation above 500 cps. This made 
a total noise reduction of 11 db., a 60% reduction of loudness as the ear would 
hear it, 

An 11-db. reduction may appear moderate, but, if one recalls the decibel formula, 
it meant that the braider was now radiating only 8% as much sound energy as when 
we started. In addition, the downward shift of energy in the noise spectrum sub- 
stantially diminished the objectionable character of the noise and added in effect 
several decibels more reduction due to the shape of the loudness-frequency curve 
for the ear. 

A problem still remained. Blocking the openings in the head housing cut off 
natural ventilation, causing overheating of the braiding parts and cotton breakage 
from the lowered relative humidity. blower was installed to force cooling air 
into the housing, and a filter was provided to exhaust the air without allowing noise 
to escape. This solved the problem. 
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The management felt that a large enough reduction of noise had been secured 
to improve working conditions in the braider area substantially. Restoration of the 
machines to their prewar condition was required in any case. The cost of closing 


the head housing, installing a filter on each unit, and providing a blower with duct 
work for each bank of machines was estimated to be moderate. The order was 
given to proceed with the engineering of the factory installation, and the investiga- 
tion case was closed. 


2500 Broening Highway. 
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THE LEGAL ASPECTS OF OCCUPATIONAL DEAFNESS 


NOEL S. SYMONS 
BUFFALO 


APPRECIATE very deeply the honor and privilege of being asked to address 

this distinguished gathering of doctors and men of scientific attainment. 

In the practice of my profession in the particular field in which I specialize | 
am obliged constantly to study your articles and textbooks, and I must confess that 
on the whole [ find them less disputatious and more convincing than the loquacious 
and argumentative opinions of some of our courts. I subscribe to both the A. M. A. 

\RCHIVES OF INDUSTRIAL HyGIENE AND OccupATIONAL Mepicine and to The 
Journal of the American Medical Association, and | find these both stimulating 
and helpful. 

One reason I am particularly happy to be here is that I am a great believer in 
cooperation between the different professions. I think Dr. Alexis Carrell once 
referred to this as the synthetic approach. In the field of medicolegal work the legal 
profession would be like a ship without a rudder without the invaluable assistance 
of you doctors and you men who specialize in various scientific fields, for it is our 


job to interpret your knowledge in the field of human relationships. By the same 


token it is my belief that if you gentlemen understand fully all of the legal implica- 
tions of a problem, such as the one we are considering today, it may clarify your 
task of helping to find that solution which will be most equitable and just to all par- 
ties concerned, and | think [ can say, without fear of contradiction, that that is one 
of the goals which we all have in mind. 

The value of this type of meeting has been shown, | think, by what has been 
accomplished by the various symposia on silicosis which have been held at Saranac 
Lake, N. Y., and I might add that it was my privilege to attend one of these a 
number of years ago when Dr. Leroy U. Gardner, the distinguished pathologist, was 
sull alive. These meetings were attended by outstanding experts in all branches of 
the subject, pathologists, x-ray men, clinicians, chemists, and engineers who were 
familiar with the various methods of dust counting, as well as by representatives oi 


Mr. Symons is Vice-Chairman of the Insurance Law Section of the New York State Bar 
Association, a member of the Sub-Committee on Noise in Industry of the Workmen’s Compensa- 
tion Advisory Committee, Associated Industries of New York State, Inc., and a member of the 
firm of Brown, Kelly, Turner, and Symons. 

Read at the Conference on the Problems of Noise in Industry held in Atlantic City, N. J. 
April 23, 1951, co-sponsored by the Acoustical Society of America, the American Academy of 
Ophthalmology and Otolaryngology, Sub-Committee on Noise in Industry, Committee on Con- 
servation of Hearing, and the American Medical Association (Council on Industrial Health, 
Council on Physical Medicine and Rehabilitation ). 
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industry and the insurance fraternity, and | think everyone will agree that what 
has been done at Saranac has helped considerably to reduce the silicosis hazard 
in industry and has helped society to find a solution for this specific problem. 
I am quite sure, after hearing the excellent papers that have been presented today, 
that this meeting is a step in the same direction in the field of occupational loss of 
hearing. 

At the outset, and before I develop the legal aspects of occupational deafness, 
may I emphasize the fact that any opinions which I express are mine, and mine 
alone, and that anything I say is not to be regarded as an expression of opinion by 
any legal, industrial, or insurance group? If anything I say is wrong, and I am 
always open to conviction, then I will assume the full responsibility. 

When Dr. Hussey asked me to present a paper at this meeting I made it quite 
plain to him that my experience was limited to the Occupational Disease Law of 
New York State, and that I was not familiar with the laws of the other 47 states. 
The Workmen’s Compensation laws of the various states are not alike, and they 
are often interpreted differently by the courts of the respective states. Conse- 
quently, I hope that you will have this fact in mind and will understand that, 
except when I speak in generalities, | am referring to the situation as it exists 
in New York State. 

On the international front Dr. Karl Kryter pointed out, in his comprehensive 
study “The Effects of Noise on Man,” that in recent years legislation covering 
occupational deafness has been enacted in Bulgaria, Czechoslovakia, Denmark, 
France, Germany, Danzig, and U. S. S. R.,' which would indicate that the problem 
is not one which is confined to this country alone. 

As far as the situation in other states is concerned, I have made no independent 
research, but I quote the following statement made in 1949 by Dr. Leo Doerfler, of 
Pittsburgh : 

In general, State Laws required the total loss of hearing in one or both ears before compen- 
sation could be made, although some states allow partial compensation. The West Coast states 
and Texas, where shipbuilding was at a high level during the war, appears to have had the 
majority of claims. Several other states, notably New York, Connecticut and Wisconsin, have 
had successful claims for industrial hearing loss caused by exposure to loud noise.” 
This statement was amplified by C. D. Yaffe, of the Division of Industrial 
Hygiene of the United States Public Health Service, in Oct., 1950, when he said: 

. . In addition to the states which he (i. e. Dr. Doerfler) listed, a review of reports of 
several industrial commissions revealed that during the past five years other states, including 
Minnesota and North Carolina, have awarded compensation for impairment of hearing.* 


1. Kryter, K. D.: Effects of Noise on Man, J. Speech & Hearing Disorders, Supp. 1, Sept., 
1950. The author cites more than 650 different titles in his bibliographies and appendix. 

2. Doerfler, L. G.: Industrial Application of Audiology, read at the Legal Conference, 14th 
Annual Meeting of the Industrial Hygiene Foundation of America, Pittsburgh, Nov., 1949; 
quoted in Proceedings of the National Noise Abatement Symposium, Vol. 1, Oct. 1950, p. 78. 

3. Yaffe, C. D.: Control of Noise by Education and Legislation, Proceedings of the National 
Noise Abatement Symposium, Vol. 1, Oct., 1950, p. 78. 
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Deainess is not included in any of the listed schedules of occupational diseases 
in the various states,* and these decisions have, no doubt, arisen either through legal 
interpretation of the phrase “occupational disease” or by merely including the 
disease within the definition of “injury.” In other words, there is a distinction, 
which must always be kept in mind, between compensation for deafness as an 
occupational disease and compensation for deafness as a result of an accident, and 
it is quite possible that the decisions in some of the states referred to were on the 
basis of an accidental injury. 

Cenerally, as to the number of states which now have Occupational Disease 
Laws, the Association of Casualty and Surety Companies has informed me that 41 
of the 4&8 states, as well as Alaska, Puerto Rico, the District of Columbia, and 
Hawaii, have occupational disease coverage, either through specific schedules, or 
provided in general or undefined terms.‘ 

The first New York Workmen’s Compensation Law was enacted in 1910,° 
but was declared unconstitutional the following year.* In 1913 the New York 
Constitution was amended to permit the enactment of Workmen’s Compensation 
legislation by providing for the creation of liability without fault and the designation 
of such liability as a proper charge in the cost of operating the employer's business.’ 

The present New York Workmen's Compensation Law, predicated on this 
constitutional amendment, was enacted in 1913,8 and was reenacted and amended 
in 1914," and the practical result of the act has been to transfer the cost of industrial 
accidents from the worker and the employer to the consumer. In this original 
act there was no provision for compensation for occupational diseases, as it dealt 
solely with benefits for accidental injuries. Nor did it contain any provision for 
awards for loss or partial loss of hearing, even when these were caused by accident. 

The original New York Occupational Disease Law, which is part of the 
Workmen's Compensation Law, was enacted in 1920, and I will come back to 


this later. Before | do, and in the interest of clarity, I want to trace the subse- 


4. Personal communication to the author from Mr. Richard C. Wagner, manager, Casualty 
Department, Association of Casualty and Surety Companies, March 22, 1951, which listed the 
coverage in the various states as follows: 

Occupational disease coverage is specifically described and scheduled in Arizona, Arkansas, 

Colorado, Georgia, Idaho, Iowa, Kentucky, Maine, Maryland, New Hampshire, New 

Mexico, North Carolina, Pennsylvania, Puerto Rico, South Dakota, and Texas. 

It is provided by being defined in general terms or undefined in Alaska, California, Con- 

necticut, Delaware, District of Columbia, Florida, Hawaii, Illinois, Indiana, Massachusetts, 

Michigan, Minnesota, Missouri,; Nebraska, Nevada, New Jersey, New York, North Dakota, 

Ohio, Oregon, Rhode Island, South Carolina, Utah, Washington, West Virginia, Wiscon- 

sin, and under the Federal Longshoremen’s and Harbor Workers Act. 

In Tennessee and Virginia a schedule of diseases is provided, but the employer may elect 

broad coverage. 

In a subsequent communication dated April 17, 1951, it was stated that Vermont has also 
recently enacted an occupational disease law listing compensable diseases in a schedule of dis- 
eases, to take effect in the near future. 

5. L. 1910, ¢. 674. 

6. Ives v. South Buffalo Ry. Co., 201 N. Y. 271. 

7. Article 1, Sec. 18. (Formerly Sec. 19. Renumbered by the Constitutional Convention of 
1938 and approved by vote of the people Nov. 8, 1938). 

8. L. 1913, c. 816. 

9. L. 1914, c. 41. 
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quent history of the Compensation Law as it relates to compensation payable for 
loss of hearing due to accident, i. €., to a specific trauma. 

In 1922 the Compensation Law, as distinguished from the Occupational Disease 
Law, was amended to provide for an award of 150 weeks’ compensation for loss 
of hearing of both ears.'° This amendment was based upon a recommendation of 
Mr. Henry D. Sayer, who was then Industrial Commissioner of New York State, 
and who is now General Manager of the New York Compensation Insurance 
Rating Board. In his report to the legislature at that time, Mr. Sayer said: 

Because of the vast difficulties in administering the law with regard to loss of hearing on 
only one ear, and as there is no method of measuring the vocational loss for such an injury, I 
do not recommend a definite provision for loss of hearing of one ear. So many people are 
wholly or partially deaf in one ear that without competent physical examinations before employ- 


ment it would be almost impossible to determine whether the loss was due to an accident or 
ante-dated it.!! 


Nevertheless in 1927 this provision was amended to provide as follows: 


M. Loss of Hearing. Compensation for complete loss of hearing of one ear, for sixty weeks; 
for the loss of hearing of both ears, for one hundred and fifty weeks.'? 


This paragraph is part of the section in the Compensation Law which deals 
with so-called schedule awards. A schedule award, as you all know, is an award 
given to a man of so many weeks’ compensation for loss of a member, such as an 
arm or a leg, and this award is payable whether he sustains any actual loss of 
earnings or not. In the case of total loss of hearing of both ears the maximum 
amount payable is 150 weeks at $32 a week or a total of $4,800. 


There is another provision in this section which deals with partial loss or partial 
loss of use of a member which provides that it shall be a proportionate loss or loss 
of use of the member. 


The 1927 amendment was not entirely clear in its meaning, as there was some 
doubt, under certain technical rules of statutory construction, as to whether an ear 
was a member so as to make applicable the separate provision dealing with partial 
loss or partial loss of use. This ambiguity was resolved by the Court of Appeals 
in 1938 in a case in which it held that an award could be made for partial loss of 
hearing in a single ear which was caused by an accidental injury."® In that case 
an air hose broke and compressed air entered the worker’s ear and ruptured his 
left ear drum. This resulted in a 25% loss of use of the ear and the Court upheld 
a schedule award for this amount, although he lost no time from work and although 
there was no proof offered to establish that he had any loss of earning capacity. 

That case settled the Law of New York State as far as a worker’s right to 
compensation for partial loss of hearing in an accident case is concerned, i. e., for 
traumatic as distinguished from occupational deafness. 

Going back now to the separate provisions of the Act dealing with occupational 
diseases, I pointed out that the New York Occupational Disease Law was first 
added to the Act in 1920." 


. Sec. 15, Subd. 3, Paragraph m, L. 1922, c. 615. 
. Sayer, H. D.: Annual Report of the Industrial Commissioner, 1921, New York Legis- 
lative Document (1922), No. 28. 
12. L. 1927, c. 554. 
13. Matter of Bednar v. Ingersoll Rand Co., 279 N. Y. 80. 


14. Enacted originally as Article 2-a by L. 1920, c. 538, and renumbered Art. 3 by L. 1922, 
615. 
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\t first, 1. e., in 1920, the Act covered only certain diseases which were specifi- 
cally named, such as anthrax, lead poisoning, zinc poisoning, etc.'* By subsequent 
amendments prior to 1935 various other specific diseases were added, but these 
did not include occupational deafness, or loss of hearing. Nor did they include 
silicosis or other dust diseases, which were covered by special provisions enacted 
in 1936,'° 

In 1935 the New York Legislature added to the occupational disease provisions 
of the Act the so-called all-inclusive occupational-disease clause.’ In this enactment 
“any and all occupational diseases,” and the corres- 
ponding process was defined as any employment covered by the Act. 

This left open only the all-important question as to what is meant by an occu- 
pational disease, and since 1935 we have had a great deal of litigation in the 
New York Courts, as well as before the Workmen’s Compensation Board itself, 
on this question. 

It would require a separate paper to cover this subject adequately, and [ will 
only say that, in the main, the New York Courts have accepted the definition which 
is fairly widespread throughout the country, namely, that the disease must be 
“a natural incident of a particular occupation,” and there must be attached to 
that occupation “a hazard which distinguishes it from the usual run of occupations, 
and is in excess of the hazard attending employment in general.” In other words, 
it must be a disease which is characteristic of and peculiar to a particular occupa- 
tion, 1. e., a disease which occurs because of definitive causative factors which 
regularly and repeatedly produce a disease typical of the occupation in question. 

Our New York Court of Appeals accepted this definition in a leading case in 
which the Association, of Casualty and Surety Companies filed an amicus curiae 
brief '* and has followed it in later cases.’° For instance, as to tuberculosis, the 
courts have held in a number of cases that if a nurse gets tuberculosis as a result 
of her profession, it is an occupational disease.“’ But, in another case they held 
that where a man contracted tuberculosis in a shop as a result of coming into con- 
tact with another employee who had the disease, it was not an occupational 
disease. In the one case they felt that the disease was characteristic of the 
employment; in the other, that it was not but was a risk to which anyone might 
he subjected regardless of the nature of his work. 

In some cases it is difficult to reconcile the actual ruling of the courts with the 
legal definition, so that I think it can almost be said that the coverage of the Act 
in the field of occupational diseases is being widened by exceptions to the strict 
legal definition. This process is sometimes called judicial erosion. 

15. Article 1, Sec. 3, Subd. 2. 

16, Article 4-a, L. 1936, c. 887. Article 4-a has since been repealed by L. 1947, c. 431, and 
silicosis and other dust diseases are now covered by the general occupational disease provisions 
of the act (Sections 3, 13-h, 15, 39, 44, 44-a, 47, 49, 49-a). 

17. Enacted orignally as Paragraph 28 of Subd. 2 of Section 3 by L. 1935, c. 254, and renum- 
bered Paragraph 29 by L. 1947, c. 431. 

18. Matter of Goldberg v. 954 Marcy Corp., 276 N. Y. 313. 

19. Cf. Matter of Champion v. Gurley, 299 N. Y. 406. 

20. Cf. Matter of Nosowich v. Central Islip State Hospital and Benedictine Hospital, 274 
App. Div. 1080 

21. Matter of Harman v. Republic Aviation Corporation, 298 N. Y. 285; and see Matter of 
Buckley v. Gallagher Bros. Sand & Gravel Corp., 300 N. Y. 447. 
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DEAFNESS 143 
This brings me to the case decided by the New York Courts which, in my 
opinion, has been at least partly responsible for some of the difficulty which we 
are having in New York State at the present time in connection with occupational 
loss-of-hearing claims. I refer to the case of Matter of Slawinski v. J. H. Williams 
& Co., decided by the Court of Appeals in July, 1948.°* I might add by way of 
explanation that I argued this case in the courts so that I am quite familiar with it. 

This case involved two main questions. The first was whether deafness is an 
occupational disease under the legal definition to which I have referred, and the 
Court held that it was. The other, and far more important question, was whether 
the worker was entitled to an award before he sustained any economic loss of any 
kind. The evidence was undisputed that the employee had lost no time from work 
and had suffered no loss of earnings whatsoever, and it was the contention of the 
employer and the insurance carrier, whom I represented, that no award was pay- 
able even though the Court might rule that deafness was an occupational disease. 

Let me give you the facts in the case briefly. 

The J. H. Williams & Co. is a large manufacturer of forgings and tools, employ- 
ing several hundred men in its forging department. Slawinski had been employed 
as a hammer operator in this forging department for several years, and while we 
had no actual sound measurements at that time, it was conceded that the noise 
level was high and at some of the hammers it ran over 100 decibels. I might add 
that we have since made actual sound-level measurements in the shop, using a 
General Radio Type 759-B sound-level meter, the meter calibration of which was 
checked both before and after the tests, and these showed decibel readings ranging 
from 94 db. in the center aisle to as high as 114 db. at certain hammer operator 
stations with the hammer running. And in the case of one steam hammer it ran 
as high as 121 db. at the moment of impact. 

Slawinski, although he was working right along and had lost no time and no 
wages, filed a claim for occupational deafness, and an audiometric examination 
made by Dr. Joseph C. Scanio, of Buffalo, showed that he had 45% loss of hear- 
ing in his left ear and 43.6% loss of hearing in his right ear. Dr. Scanio, of 
course, conceded that the man’s occupation was a factor in causing his loss of 
hearing. 

As I have indicated, we controverted the case upon the ground that his deaf- 
ness was not an occupational disease, and upon the further ground that, even if it 
was, no award was payable as he had lost no wages. 

The latter question involved a construction of the specific language of the 
Occupational Disease Law, which is known as Article 3." 

The three main sections of Article 3 are Sections 37, 38, and 39. 

Section 37 defines disability in occupational disease cases as, “the state of being 
disabled from earning full wages at the work at which the employee was last 
employed.” This was a special definition of disability which applied only to occu- 
pational diseases, and it was largely on this definition that we based our case. We 
felt that this language was quite clear and that it meant that in this class of cases 
there was no disability until the employee was disabled from earning his full wages. 


22. 


298 N. Y. 546. 
813. 


To the same effect see Matter of Rosati v. Despatch Shops, Inc., 298 
N. 
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Section 38 then went on to provide that disability as thus defined in Section 37 
(i. ¢., disability from earning full wages) should be treated as the happening of 
an accident so as to make the procedure and practice provided for in the Act 
applicable, and Section 39 provided that if an employee became thus disabled from 
an occupational disease he should be entitled to compensation under the sections 
of the law providing generally for the payment of compensation in accident cases, 
including schedule awards. 

Slawinski was granted a schedule award by the Workmen’s Compensation 
Board for 45% loss of hearing of the leit ear and 43.6% loss of hearing of the 
right ear, or a total of 66.45 weeks’ compensation, which amounted to $1,661.25.2* 

We immediately appealed the case to the Appellate Division of the Supreme 
Court and in that Court we argued that the language of Article 3 was quite clear 
and that it meant that there was no disability in occupational disease cases until 
there was an actual loss of earnings, in other words, an economic loss as dis- 
tinguished from an anatomic or physiologic loss. 

[ think that industry in New York and the insurance companies always felt 
—and still feel—that this was the intent of the Occupational Disease Law, namely, 
that the Act is not intended to afford relief until the worker has arrived at that 
point where his occupation has actually deprived him of his ability to earn wages.** 

We also pointed out to the Court that we believed this legal position to be 
entirely equitable from a socio-economic point of view. We pointed out, among other 
things, that there are many different causes of deafness, that deafness is fairly wide- 
spread, that in claims filed under the Act there would be no way of telling, in many 
instances, whether the loss of hearing was due to occupation or to other causes, and 
that we were afraid that the affirmance of the award would open the door to a flood 
of unjustified claims and would put a burden on industry not contemplated when 
the Act was passed. 

The Appellate Division affirmed the award, but by a divided Court, with Mr. 
Justice Foster, who is now the presiding Judge of that Court, writing a strong 
dissenting opinion in which he said, “The foregoing language (referring to Sections 
37, 38, and 39) is plain, and under it we fail to see how an employee who contracts 
an occupational disease without disability, as defined by the statute, is entitled to an 
award, There is no basis for an interpretation of statutory language where 
its meaning is clear and unequivocal.” * 

23. Under Sec. 15, Subd. 3, Paragraph m, the bilateral loss of hearing was computed by 
7.5 weeks for the left ear, and 43.6% of 150 weeks, or 65.4 weeks 
for the right ear, adding 67.5 weeks and 65.4 weeks, which gives a total of 132.9 weeks, and 


dividing by 2 which gives 66.45 weeks. 


24. The 


taking 45% of 150 weeks, or ¢ 


At $25.00 a week this amounted to $1,661.25. 
New York Occupational Disease Law was patterned after the British Workmen’s 
Compensation Law, which specified as one of the conditions of obtaining compensation for an 
occupational disease, that the attending surgeon certify that the workman is suffering from one 
of the diseases mentioned in the Act, “and is thereby disabled from earning full wages at the 
work at which he is employed.” (Willis’ Workmen's Compensation Acts, ed. 31, London, 
Toronto, Ont., and Bambay, Butterworth & Co., Ltd., 1938.) 


25. 273 App. Div. &26. 
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Despite the subsequent affirmance of the award by the Court of Appeals, I will 
always be convinced that Judge Foster correctly interpreted the law. 

In the Court of Appeals we again argued the case as strenuously as possible, 
and also urged that the Occupational Disease Law, which was clear on its face, 
should not be changed by judicial construction, but that the matter of extension 
of coverage should be left to the Legislature, where all parties, including labor, 
industry, and the public, would have an opportunity to express their views. 

To my amazement, and I might add, to my chagrin, the Court of Appeals 
unanimously affirmed the award without opinion.** 

Because of the far-reaching implications of the decision, we promptly made a 
motion for reargument and Associated Industries of New York State, Inc., filed an 
amicus curiae brief in support of the motion. In its brief, Associated Industries 
stressed the potential cost which might result from the decision, and also empha- 
sized the fact that its effect was to permit awards for accrued liabilities which 
industry, up to that point, had not felt were insured. 

The motion for reargument was denied, again without opinion,*® with the net 
result that the Law in New York State is now, first, that deafness is an occupa- 
tional disease, and, secondly, that there may be compensable disability in an oceu- 
pational disease case even without any actual loss of earnings. 

I do not think too many people will complain about the first of these rulings, 
namely, that deafness is an occupational disease. Certainly, there would appear to 
be ample justification for such a ruling in the literature, which is replete with 
references to the fact that sustained work in a high noise level can, and often does, 
produce impaired hearing.** 


26. 298 N. Y. 634. 


27. Cf. inter alia (a) Noise in Industry: Report of the Conference on Noise in Industry, 
Held During the Tenth Annual Congress on Industrial Health of the American Medical Associ- 
ation, in New York, Feb. 20, 1950, A. M. 4. Arch. Indust. Hyg. & Occup. Med. 3:232-235 
(March) 1951. (b) Davis, H.: Effects of Noise on Human Behavior and Communication, ibid. 
3:227-231 (March) 1951. (c) Wheeler, D. E.: Noise-Induced Hearing Loss, Arch. Otolaryng. 
$1:344-355 (March) 1950. (d) Sleight, R. B., and Tiffin, J.: Industrial Noise and Hearing, 
J. Applied Psychol. 32:476-489, 1948. (e) Grove, W. E.: The Noise Hazard, Indust. Med. 18:25, 
1949. (f) Will Noise Damage One’s Hearing? J. A. M. A. 140:674-676, (June 25) 1949. (@) 
Davis, H.; Parrach, H. O., and Eldridge, D. H.: Hazards of Intense Sound and Ultra-Sound, 
Ann. Otol. Rhin. & Laryng. 58:732 (Sept.) 1949. (h) Carhart, R.: The Ears of Industry, 
Arch. Indust. Hyg. & Occup. Med. 2:534-541 (Nov.) 1950. (1) McLaren, W. R., and Chaney, 
A. L.: An Evaluation of Some Factors in the Development of Occupational Deafness, Indast. 
Med. 16:109-115 (March) 1947. (j) Gardner, W. H.: Injuries to Hearing in Industry, ibid. 
13:676-679 (Sept.) 1944. (k) Bunch, C. C.: Conservation of Hearing in Industry, J. A. M. AX. 


118:588-593 (Feb. 21) 1942. (1) Lewy, A.; Shapiro, S. L, and Leshin, N.: Functional Exam- 
ination of Hearing, A. M. A. Arch. Otolaryng. 53:99-128 (Jan.) 1951. (m) Machle, W.:_ 
Industrial Noise as It Affects Hearing, Connecticut M. J. 11:972-976 (Dec.) 1947. (n) 


Chamberlain, D.: Occupational Deafness: Audiometric Observations on Aural Fatigue and 
Recovery, Arch. Otolaryng. 35:595-602 (April) 1942. (0) Rosenblith, W. A.: Industrial Noise 
and Industrial Deafness, J. Acoust. Soc. America 13:220-225, 1942. (p) The Decibel Surplus, 
Editorial, Buffalo Courier-Express, May 9, 1949. (q) Sappington, C. O.: Essentials of Industrial 
Health, Philadelphia, J. B. Lippincott Company, 1943, p. 297. (r) Ballenger, W. L., and Ballen- 
ger, H. C.: Diseases of the Nose, Throat and Ear, Philadelphia, Lea & Febiger, 1943, p. 807. 
(s) Campbell, P. A., and Hargreaves, J.: Aviation Deafness: Acute and Chronic, Arch. Oto- 


(Footnote continued on next page) 
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As to the other issue, this, of course, is a social rather than a strictly legal or 
medical problem. It involves the whole question of the desirability of broadening the 
scope of employee benefits,** and undoubtedly there are some who feel that perhaps 
the pendulum may be swinging too far in the direction of liberality. However, since 
this involves also one’s political and philosophical beliefs, it is not, it seems to me, 
a proper matter for discussion at this conference, but is a matter either for appro- 
priate legislative action, or, in the case of certain types of benefits, for negotiation and 
agreement between industry and its emplovees. 

1 might add parenthetically that as far as occupational deafness is concerned, 
the broader question appears to me to be this, and I am going to put the question 
to you without attempting to answer it. Is it desirable to make an award and to 
put money into the worker’s pocket at a time when he is working and making as 
much as his fellow workers, or would it be better to eliminate these awards, which 
are merely for loss of function, and to compensate him later when he actually reaches 
that point where his earnings are decreased, or are cut off entirely because of his 
occupational condition? As I said, I am not going to answer this question. Those 
of you who are interested will find a very complete discussion of the economic 
status of the deaf in this country in “Deafness and the Deaf in the United States,” 
by Harry Best, published in 1943.*° This gives a great deal of statistical information 
about their earning power, the percentage who are self-supporting in various trades 
and occupations, the question of the relationship between deafness and heredity, and 
matters of a similar nature. It is a very comprehensive work.*° 


laryng. 32:417-428 (Sept.) 1940. (t) MeCord, C. P.; Teal, E. E., and Witheridge, W. N.: 
Noise and Its Effect on Human Beings; Noise Control as By-Product of Air Conditioning, 
J. A. M. A. 110:1553-1560 (May 7) 1938. (u) Barr, T.: Injurious Effects of Loud Sounds 
upon the Hearing Function, Brit. M. J. 2:675 (Sept.) 1890. (v) Taylor, H. M.: Traumatic 
Deafness: Problems of Prevention, Laryngoscope 54:362-373 (July) 1944. (w) McCoy, D. A.: 
Industrial Noise: Its Analysis and Interpretation for Preventive Treatment, J. Indust. Hyg. & 
Toxicol. 26:120-123 (April) 1944. (7) Davis, H.: Protection of Workers Against Noise, J. 
Indust. Hyg. & Toxicol. 27:56-57 (Feb.) 1945. (y) Perlman, H. B.: Acoustic Trauma In Man: 
Clinical and Experimental Studies, Arch. Otolaryng. 34:429-452 (Sept.) 1941. (sz) Berrien, 
F. K.: Effects of Noise, Psychol. Bull. 43:141-161, 1946. (a’) Effect of Noise on Hearing of 
Industrial Workers, Bureau of Women in Industry, New York (State) Department of Labor, 
Special Bulletin, No. 166, Sept., 1930. (b’) Gilbert, D. J.: Influence of Industrial Noises, 
J. Indust. Hyg. 3:264-275 (Dec.) 1921. (c’) Kemp, E. H.: A Critical Review of Experiments 
in the Problem of Stimulation Deafness, Psychol. Bull, 22:325-342, 1935. (d’) Gruss, L.: Effect 
of Noise on the Hearing of Industrial Workers, Volta Rev. 41:511-514 and 535, 1939. (e’) 


Bunch, C. C.: The Diagnosis of Occupational or Traumatic Deafness: A Historical and Audi- 
ometric Study, Laryngoscope 47:615-691, 1937 (in which the author gives 168 references in a 
bibliography). (f') Sabine, P. E.: The Problem of Industrial Noise, Am. J. Pub. Health 


$4:265-270 (March) 1944. (9') McBride, E. D.: Disability Evaluation, ed. 4, Philadelphia, 
J. B. Lippincott Company, 1948. Kryter.! 

28. This includes Workmen’s-Compensation benefits, unemployment-insurance benefits, social 
security benefits, nonoccupational disability benefits, paid vacations, hospitalization and surgical 
benefits, group-life-insurance benefits, and retirement and pension plans. 

29. Best, H.: Deafness and the Deaf in the United States, New York, The Macmillan Com- 
pany, 1943. 

30. See also: Employment of Hard of Hearing, Medical News, General, J. A. M. A. 
143:191 (May 13) 1950. This showed a total of 22,668 persons of working age with impaired 
hearing rehabilitated in a six-year period. 
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One of the things of which we were afraid was that an affirmance of the award 
in the Slawinski case might open the door to a flood of similar claims by men who 
had not lost any time or wages but who saw the opportunity for making a little 
easy extra money. 

This is exactly what has happened. In Rochester some 70 or 80 claims were 
filed against the Despatch Shops, Inc., which is a subsidiary of the New York 
Central Railroad, and in Buffalo a large number of claims have been filed and are 
being filed against the J. H. Williams & Co., where the Slawinski case originated, 
and against the General Drop Forge Corporation, which is a member plant of the 
Dana Corporation. Many of these cases are now in litigation or are about to be 
litigated, and it is in connection with the handling of these cases, and similar cases 
that undoubtedly will arise, that we lawyers need as much medical and scientific 
advice as you gentlemen can, in your wisdom, give us. 

There has been a very interesting recent development in certain cases that were 
tried in Rochester, N. Y., involving Despatch Shops, Inc., and, in fact, there has 
been a ruling by the Workmen’s Compensation Board which, if consistently fol- 
lowed, may do much to eliminate some of the confusion generated by the decision 
in the Slawinski case. 

In some of the Rochester cases an entirely new defense was interposed which 
was not urged in the Slawinski case, namely, that as long as the employee con- 
tinues to work it is too early to determine the degree and extent of the permanency.** 

Let me give you the history of one of those cases, Grano v. Despatch Shops, 
Inc., *? and tell you what happened in it. 

Grano was employed as a fitter in the car shops, where riveting machines were 
used, and where the noise level was concededly high. He had been employed there 
steadily for 24 years, and, in 1947, he complained of difficulty in hearing, especially 
in the low tones. He was examined three times by Dr. C. Stewart Nash, who gave 
the following audiometric losses in his tabulation of the acoustic picture **: 


Right Ear Left Ear 


The claimant at no time quit his job but continued to work right along, and Dr, 
Nash testified that since the hearing loss consisted partly of acoustic nerve fatigue, 
which was a temporary condition, and partly of acoustic nerve degeneration, he 


31. N. Y. Workmen’s Compensation Law, Sec. 15, Subd. 3. The word “permanent” means 
among other things, “fixed, stable, not temporary, remaining unaltered” (30 Cyc. 1460). 

32. N. Y. Workmen’s Compensation Board, file number 74710627. 

33. In another of the cases the claimant was examined on seven different occasions by three 
doctors and the audiometric losses were indicated as follows: 


Right Ear Left Ear 


Feb. 55% 41% 
May 52% 7% 
Sept. Ws 52% 45% 


* Test made later on the same day. 
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could not say that the degree of hearing loss, as found, was permanent. He pointed 
out that occupational deafness of the type found at Despatch Shops, Inc., if it 
progresses, progresses not necessarily by a uniform graduation, but by levels or 
plateaus of stabilization. He further said that as long as there is continued exposure 
there may or may not be an increase in the hearing loss, that sometimes there is a 
marked increase in the level of stabilization, and that, in some instances, the stabiliza- 
tion level has been lowered. He said that the final evaluation could only be made 
by an audiometric study following an adequate period of rest. 

Subsequent to this the Board itself, as it often does, designated an impartial 
specialist, Dr. Otto E. F. Risch, of New York, to examine Grano and a number of 
the other claimants. Dr. Risch’s audiogram, made on Oct. 4, 1950, showed a 72% 
loss in the right ear and 60% loss in the left ear. 


In testifying, Dr. Risch said that he could not tell how much of the hearing loss 
was due to nerve degeneration as distinguished from nerve fatigue, which he con- 


ceded was a temporary condition, and as distinguished from the element of pres- 


byeusis. He said that part of the loss was due to nerve fatigue. He further indicated 
that no two cases were alike. He said that even though the individual remained in 
the same employment there might be a variation, which would not necessarily be by 
way of increase but might result in a diminution of the loss. He concluded by 
saying that, in his opinion, the individual would have to be removed from the noisy 
exposure from six months to a year in order to rule out that portion of the hearing 
loss caused by nerve fatigue, and, of course, since, as I understand it, the audiologic 
charts register both the nerve fatigue and the nerve degeneration as a nerve deaf- 
ness, there 1s ample justification in the medical literature for the position taken 
by Dr. Nash and by Dr. Risch in the Grano case."* 

34. In his testimony in the Grano case Dr. Nash stated that the temporary character of 
fatigue deafness from overstimulation is a phenomenon which has been recognized by the Sub- 
commuttee on Noise in Industry of the Committee on Conservation of Hearing of the American 
\eademy of Ophthalmology and Otolaryngology. 

Carhart stated that * 
is reversible.” 

Machl 
later that 


‘one feature of acoustic trauma is that, within limits, the hearing loss 


‘™ stated that “recovery from the trauma of high noise levels regularly occurs,” and 
“it would appear that the temporary hearing losses require long periods of time for 


recovery. 


Perlman *"* stated that “during the active stage of prolonged exposure, the auditory thresh- 


hold may fluctuate, depending on whether the examination is carried out immediately after 


exposure (when impairment is more marked) or after a period of rest (when definite improve- 
ment can be determined).” 


Campbell and Hargreaves 2** describe fatigue as “a more or less complete loss of irritability 
brought about by functional activity,” and later it is stated that, “the time cf recovery after the 
fatiguing force is removed should be in proportion to the strength and duration of the application 
of the force.” 


Chamberlain 27" stated that “aural fatigue in the daily occupation of a boilermaker may 


be great and the power of recovery remarkable, but recovery does not always take place within 
fifteen hours of rest from noise.” 


L. C. Boemer (Acoustic Trauma, Ann. Otol., Rhin. & Laryng. 54:513-517, [Sept.] 1945) 
stated that recovery can continue for as long as two months (cited by Kryter !). 
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The Referee had made an award for 68% permanent loss of hearing in the right 
ear and 66% permanent loss of hearing in the left ear, but the Board reversed this 
determination and ruled as follows: 


Accordingly, the award of the Referee is RESCINDED, but his finding of occupational 
disease is AFFIRMED. No award, however, is in order at this time as there is no lost time 
and no medical proof of permanent defective hearing. Case is closed. All concur. 


Whether or not the Board will apply this rule in every case remains to be seen. 
In its opinion the board said, “The weight of the medical evidence is against a 


finding that there is a permanent loss of hearing at this time,” and this might leave 


the door open to a possible finding in other cases that the weight of evidence does 


support a finding of permanency. 


This simply means that in every one of these cases the record will have to be 


fully developed, which in turn means that the claimants will have to be examined 
and medical testimony introduced, etc. While this will involve more work for the 
lawyers and doctors, it will also result in an increased expense to industry and 


ultimately in increased costs of the product to the consumer. 


I also take it from this decision that in all of these cases if the worker separates 


himself from his noisy employment, he can then come in and ask for an award for 


any permanent defective hearing which then exists. I assume that this would be 


true regardless of the cause of the separation, and since ultimately most of these 


cases will prove to be compensable, perhaps the decision is only a temporary stop 


gap. 


Qn the other hand, I feel that in ruling as they have in these cases, the New 


York Workmen’s Compensation Board has recognized that a problem does exist 


Wheeler 27* pointed out that “the length of exposure time and the intensity level of the noise 


above which loss is imminent are not known within exact limits, nor can the possible severity 


of the hearing loss under given conditions of exposure be predicted on the basis of present day 


knowledge.” And later the author states that “when an ear has been removed from a noisy 


environment, the decrement in hearing acuity resulting from noise tends to diminish with pass- 


ing time,” and also that “. . . the true residual loss can be determined only after it has been sta- 


bilized by removal from noise for a sufficient period.” 
C. Jackson and C. L. Jackson (Diseases of the Nose, Throat and Ear, Philadelphia, W. B. 
Saunders Company, 1946) stated that “recovery time, as in other types of fatigue, bears a definite 


relationship to the intensity and exposure time,” and later the authors observed that “if the noise 


intensity is great, the exposure time prolonged, and the acoustic mechanism of the subject vulner- 


able, notchlike elevation of the threshhold may become permanent.” 


Auditory fatigue is referred to by A. W. G. Ewing and T. S. Littler (Auditory Fatigue 
and Adaptation, Brit. J. Psychol. 25:284, 1935) and by A. F. Rawdon-Smith (Experimental 
Deafness: Further Data Upon the Phenomenon of So-Called Auditory Fatigue, ibid. 26:233- 
244, 1936). 

See also the report “Temporary Deainess Following Exposures to Loud Tones and Noise,” by 
H. Davis, C. T. Morgan, J. E. Hawkins, R. Galambos, and F. W. Smith, Committee on Medical 
Research, of the O. S. R. D., Boston, Department of Physiology and Department of Otology and 
Laryngology, Harvard Medical School, Sept. 30, 1943, Appendix p. 71. These authors in labora- 
tory experiments on stimulation deafness found recovery from sound exposure extending to sev- 


eral weeks (cited by Kryter '). 


Where there is exposure to loud noise the temporary hearing loss may be greater for normal 
ears than for partially deaf ears (Rosenblith 27° citing the findings of G. de Maré [Acta-Laryng., 
Supp. 31, 1939]). 
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and has met it intelligently and with fairness. This decision, if consistently followed, 
may have the effect of stopping the flood of claims by men who are working right 
along, as they may very sensibly decide that there is no point in filing a claim if 
they can’t get an award. They may conclude it is better to wait until the question of 
permanency can be decided, for in the final analysis, this alone will determine the 
extent to which they will be financially remunerated. Furthermore, if the board had 
not ruled as it did, there would be nothing to prevent a single claimant from filing 
successive claims every time his hearing loss showed an increase, and | suspect 
that the board may have felt that it would be wiser to defer the final evaluation of 
each case until the employee has separated himself from his noisy environment. 

Following the board’s decision in the Grano case, the board issued a directive 
to all referees, instructing them that in all future loss-of-hearing cases they are to 
develop the record fully, but are not to decide the cases. After the record has 
been completed in each case it is to be sent to the Board itself for decision. This 
would seem to constitute a further recognition by the Board of the seriousness of 
the problem and should result in all these cases being given careful and thoughtful 
consideration. 

So much for the actual legal status of the cases under the New York Law. 

In concluding my paper, I should like to pose certain specific medicolegal ques- 
tions which have occurred to me from time to time in my study of the problem. And 
| might add that if you gentlemen could answer these questions, or even some of 
them, | think it would be of great help in the handling generally of occupational- 
loss-of-hearing claims. On the other hand, | feel sure that some of the questions 
which | am going to put to you may prove to be unanswerable, or perhaps they can 
only be partially answered. 


1. My first question is this: Assuming the validity of the premise that deafness 


is caused by noise, what are the threshhold limits and where is the line going to be 
drawn to rule out unmeritorious claims and to prevent the inevitable forensic 
exaggeration which has a tendency to manifest itself in the spread of new medico- 
legal concepts ? 

There is no doubt in my mind that there are always those who will seek to 
benefit improperly by distortion of newly announced medicolegal principles. This 
was true in connection with the claims which flooded New York a number of years 
ago in the field of silicosis and which led to the amendment putting silicosis and 
other dust diseases in the New York Workmen’s Compensation Law. More recently 
I have observed a tendency on the part of some claimants and their legal and medical 
advisers to try to take an unfair advantage of some of the new theories of endocrin- 
ology and psychosomatic medicine in an effort to substantiate claims which, in many 
instances, are obviously without merit. So pronounced is this trend that I think 
industry is sometimes fearful that the Workmen's Compensation law may be trans- 
formed into what is virtually equivalent to health insurance.** 


35. A workmen's compensation law should not be construed as “the equivalent of health or 
life insurance” (\MeNeely v. Sheppeard, 89 Fed. 2d. 956). 
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In the field of occupational diseases these tendencies should not be overlooked 
or belittled. As I read the medical literature dealing with the subject of noise in 
industry I am conscious of the fact that there seems to be a tendency to think of 
the problem largely in terms of the boiler factory or forge shop, with their steam or 
air hammers and where, concededly, the noise level is high, or in terms of the ship- 
yard with its chipping hammers and riveting operations. What will you gentlemen 


say about the men who run rock drills in a quarry or tunnel, or, for that matter, | 
the men who rip up our streets and cut through the concrete bed of the streets with | 


their air drills? These are noisy operations, but do they compare with the boiler 
factory in terms of decibels? So then, where will you draw the line? 

We would possibly not encounter too much difficulty if we could always deal 
with honest claimants, lawyers, and doctors, but I am sure I might have trouble 
in defending a claim of a rock driller who has worked only in the open streets, open 
cuts, or quarries. From this point it is only a step to the man who operates a 
compressed-air hammer or tool in stonecutting or dressing in a monument or other 
type of stoneyard, and from there to other employments where the noise level is 
even less hazardous. 


Perhaps one answer to what I| have said is to be found in the question posed 
by Dr. James H. Sterner, of the Eastman Kodak Company, when he asks, “Are we 
ready for standards in noise ?” 


I take it from Dr. Sterner’s article “* that he feels that while the need for stand- 
ards is great, our present knowledge may be inadequate to formulate such standards, 
and of course this was one of the conclusions reached by the Conference on Noise in 
Industry, held in New York City in Feb., 1950.°** 

Because of the variable factors of intensity, frequency, and duration, as well 
as such factors as the continuous or uninterrupted nature of the stimulus, the age 
of the subject, the use of protective devices, etc.,*’ I can easily see what difficulties 
may be encountered in attempting to set up definite standards, and I am referring 
to medicolegal standards and not to enforceable codes relating to factory construc- 
tion, etc. On the other hand, from the medicolegal point of view the sooner this is 
done the easier it will be to try occupational-loss-of-hearing cases and to defend 
unjust claims. The standards which have been evolved in the field of silicosis as to 
permissible dust concentrations have proved most helpful in evaluating and dis- 
posing of cases, and if you gentlemen could formulate some comparable standards 
or postulates dealing with the subject of noise in industry, these would give us a 
guide in seeking a fair, legal disposition of the average case. 

However, I must be honest to the extent of saying that even if standards are 
formulated at some future time, this will not automatically solve all of our medico- 
legal problems. I say this because we will still have—and, no doubt, always will 
have—to cope with the problem of individual susceptibility. The matter of marked 
individual differences in the ability of workers to withstand noise bombardment is 


36. Sterner, J. H.: Are We Ready for Standards in Noise? Indust. Med. 20:99-101 
(March) 1951. 


37. Lewy and others.27! Davis.27* 
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mentioned in many of your articles,** and while | in no way dispute the correctness 
of these statements, | must confess, too, that this is a most difficult subject on which 
to cross-examine a doctor. I say this because if a doctor bases his opinion of causal 
relation solely on this theory of susceptibility, there is no way I know of breaking 
him down on cross-examination, even though he may be absolutely wrong in a 
particular case. All he has to do is to say, “That’s my opinion in this case,”” and 
from that point on the helpless cross-examiner is, if | may be permitted to use a 
colloquial phrase, left holding the bag. Incidentally, this concept is an ancient one 
for, as most of you know, it prompted your good friend Hippocrates to write in his 
sixty-fourth aphorism that, “It is a bad thing to give milk to persons having head- 
ache.” 

However, in spite of all this, I do say that from the lawyer’s standpoint at least 
the adoption of standards, when that day comes, will be helpful. 


My next questions stem from the premise that if occupational deafness is to be 
compensated, then we should try to eliminate that portion of a worker’s deafness, if 
any, which is not due to his occupation, but which is due to other causes, so that 
industry will not be required to pay for something which it did not cause.** My 
questions relate to the troublesome problem of specifically identifying the acquired 


SS. 


2. In the plants with which | am familiar many of the men have been employed 
for a long period of years and none of them have ever, at any time, at least up to 
the time they filed their claims, been given an audiometric examination. Many of 
these men may have had some loss of hearing when they were hired and if there 
is any possible way in which this could be determined, it would be helpful in order 
to fairly allocate the responsibility. 

I have read a number of articles which show the large number of school children 
in this country who are suffering from hearing defects in one or both ears, with 
respect to which it is asserted that unless preventative measures are taken to correct 
such defects, they cause varying degrees of deafness in later life.*° 


Some of the men to whom I have referred may be within this category, and part 
of their deafness may have originated long before they went to work. Or their nerve 


38. Proceedings of the National Noise Abatement Symposium, October, 1950, pp. 15, 49, 50; 
Grove Carhart 278; Davis.27* 

39. The difficulty of this question was recognized in the Report of the Conference on Noise 
in Industry 274 where it was concluded that “it is often difficult, with certain kinds of impaired 
hearing, to determine whether the functional loss is due te exposure to industrial noise or to 
some other possible cause.” Elsewhere it has been stated, “The problem of determining how 
much damage of the hearing is due to the accompanying pathologic process and how much is 
due to industrial noise is a difficult one . . .” (Goldner, A.: Occupational Deafness, Arch. 
Otolaryng. 42:407-411 (Nov.-Dec.) 1945). 

40. Stearns, M.: Will Your Child Be Deaf? Sat. Eve. Post 221:23 (Aug. 14) 1948 (based 
on a study by Dr. Samuel J. Crowe, of the Johns Hopkins University, of a number of Baltimore 
school children). Results of a Hearing Survey, Medical News, Illinois, J. A. M. A. 137:652 
(June 12) 1948. 1,000,000 Children Can’t Hear, Parents Mag. 22:173 (Nov.) 1947, The 
Handicapped Child, White House Conference on Child Health and Protection, 1930, New York, 
D. Appleton-Century Company, Inc., 1933, Vol. 4; cited in Rehabilitation of the Deaf and the 
Hard of Hearing, United States Office of Education, Vocational Rehabilitation Series, Bulle- 
tin 26, United States Government Printing Office, 1942. 
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deafness may have been caused in whole or in part by some of the toxins from 
mumps or measles, by a secondary atrophy of disuse following a conduction deafness, 
or by some general debilitating disease. 

The question is how can the degree of deafness that existed at the time of 
employment be determined years later if there was no preemployment audiometric 
examination given at the time of hiring ? 

I will grant that possibly this question cannot be answered in the average case, 
but I thought I would throw it out anyhow as a challenge to your ingenuity, for 
under the present status of the law there is absolutely no way that I know of to 
defeat the claim of the dishonest employee who knew that he was deaf when he 
entered the noisy employment and who has concealed this fact from his employer. 

3. My next question is somewhat the same and relates to the question of pres- 
bycusis. Dr. D. J. Goodfriend, of the University of Pennsylvania, stated in an 
article, in 1947, that “seventy per cent of all deafness is of the progressive adult 
type... .”* I believe that this is the article in which Dr. Goodfriend and his 
co-investigators reached the conclusion that a certain type of deafness is caused by 
abnormalities of the dental bite which affect the eustachian tube. 

In connection with this matter of presbycusis, Dr. Hallowell Davis has stated 
that “it has also been known for some time that a hearing loss very similar to that 
caused by noise occurs with advancing age.” *™* 

The question is in these cases,—is there any possible way in which that portion 
of the deafness which falls within this category can be separated from the deafness 
which is due to the occupational environment? Is there any rule of thumb by which 
this senile deafness can be measured ? 

I say this because I think fairness dictates the conclusion that we should not 
permit the “old fellow” whose ears have become chronically deaf, perhaps through 
catarrh or a thickening of a delicate membrane, to come in and claim as an ocecu- 
pational disease that all of his loss of hearing was due to the noise in his employ- 
ment, particularly in cases where such noise is such as the ordinary individual is 
subjected to, or only slightly higher. 

| think this thought was voiced by Dr. Kryter, who, in discussing various 
procedures for measuring hearing loss, said, “An adjustment to eliminate the 
amount of deafness due to normal deterioration would seem logical.” ! 

I am sure that senile changes must occur in the ear as well as in the lungs, blood 
pressure, the heart, and other organs of the body. So even if a program of periodic 
audiometric examinations is adopted in a plant and if these disclose less acute hear- 
ing than existed at the time of employment, or at a prior examination, how can it 
be determined to what factors to attribute the loss, i. e., to advanced age or to the 
conditions of the employment, or to both, and if to both, in what proportion? This 
is an important question because under our present procedures in New York 


industry is unquestionably being compelled to pay not only for the occupational 
loss but for the senile loss. 


In connection with this aspect of the problem, are there not certain studies 
which tend to show that there is a measurable deterioration of hearing as the normal 


41. Goodfriend, D. J.: Deafness, Tinnitus, Vertigo and Neuralgia, Arch Otolaryng. 46:1-35 
(July) 1947. 
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person grows older? ** If this is so, is there not some fair and reasonable way in 
which the element of presbycusis can be translated into simple medicolegal terms 
so that the trier of the facts can say that such a percentage of the loss is due to this 
cause and that such a percentage is due to occupation ? 


I have just a few additional questions which I will put to you briefly. 


+. With respect to the use of ear protectors or the use of obturators to occlude 
the external auditory canal, which are recommended in so many of your articles, 
what can be done to overcome the obstacle of variable employee acceptance and 
compliance ? #7" In this connection you are all familiar with the experience of the 
Lockheed Aircraft Corporation in California, which reported that a majority of 
the workers found their ear defenders to be a nuisance and that only one-third of 
those to whom plugs were issued used them regularly.**! How can management in 
industry cope with this attitude? 


On the question of ear defenders an official of a large company that has plants 
in a number of states stated to me that in the case of some types of workers his 
company objected to ear defenders, and I assume prohibited their use, because they 
prevented the men from hearing danger or warning signals. What is the solution 
where a situation like this exists? 


5. There is another matter which has been mentioned to me from time to time 
by several people. 

Under the law of New York if an employee's vision or eyesight, which has been 
impaired by an accident, can be restored to normal by the use of eyeglasses, he is not 
entitled to an award for loss of vision, although, in such a case the employer or 
carrier must furnish the necessary glasses and pay for them. This is not due to any 
specific provision in the Workmen’s Compensation Law, but has come about through 
judicial construction of the Act.** 


By the same token it might be argued that if a man’s hearing is damaged by his 
occupation and it can be restored to normal by a hearing aid so that there is no 
°42. Bunch, C. C.: Age Variations in Auditory Acuity, Arch. Otolaryng. 9:625-636 (June) 
1929. This study is referred to by Machle.27™ In a later study Bunch and T. S. Raiford (Race 
and Sex Variations in Auditory Acuity, Arch. Otolaryng. 13:423-434 [March] 1931) stated: 
“In each successive decade the average of the threshhold is slightly lower (louder) for tones 
of low pitch. For tones of high pitch, the difference is more marked than for low pitched tones, 
and the difference between the averages for each age group is greater as the frequency of the 
tones used as stimuli increases.” Kryter! also refers to certain studies made which tend to 
show that some of the deafness among older employees is or may be due to increased age rather 
than repeated exposures to noise (citing, among others, Gardner,?7) D. A. McCoy, (The Indus- 
trial Noise Hazard, Arch. Otolaryng. $9:327-330 [April] 1944), Rosenblith,27° and J. C. 
Steinberg, H. C. Montgomery, and M. B. Gardner, (Results of the World’s Fair Hearing Tests, 
Bell Tel. Syst. Tech. J. 19:533-562, 1940, abridged form in J. Acoust. Soc. America 12:291-301, 
1940). Kryter ' states that as to one group examined the deficit (i. e., in hearing) “increases with 
age so that the hearing of the average 50-59-year-old normal person is about 5:6% below that 
of the average person” (p. 39). 

43. Section 15, Subd. 3, Paragraph p.; Frings v. Pierce Arrow Motor Company, 182 App. 
Div. 445, Valentine v. Sherwood Metal Working Company, 189 App. Div. 410, McNamara v. 
McHarg, Barton Company, 200 App. Div. 188, Matter of DeCaprio v. General Electric Com- 
pany, 218 App. Div. 310. 
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impairment of his social adequacy, should he be entitled to an award if the employer 
or carrier furnishes such hearing aid? In other words, should the same rule be 
applied .to remedial auditory defects which is now applied to remedial visional 
defects ? 

I mentioned this point only very incidentally in my brief in the Slawtnski case, 
but did not stress it, so that I do not feel that this is a matter on which there has 
been any square, clear-cut ruling by the New York courts. 

I suggest this as a matter which might be considered and studied, not only from 
the point of view of the potential benefit to the individual but from the standpoint 
of cost, which is always a matter of concern to the employer and insurance carrier. 
And, of course, the cost would mean not only the initial investment in the hearing 
aid but the subsequent up-keep.** 

6. My last question is one on which we lawyers would like some enlightenment. 
Can a clever man feign or exaggerate loss of hearing when he is given an audio- 
metric examination? Can he outfox a smart examiner? I have heard various 
answers to this question. What is the real truth? * 

This concludes what I have to say except for one or two general observations. 
That a problem exists nobody will deny. However, I feel sure that it can be solved 
even though industry may never reach that state which Thomas Hood described 
when he said, “There is a silence where hath been no sound—there is a silence where 
no sound may be.” 

The solution will require the concentrated efforts not only of the doctors, 
engineers, and lawyers, but of management and labor and of our legislatures, courts, 
and workmen’s compensation boards. 

I think each of these groups must view the problem in its broader aspects and 
perhaps each may have to make some concessions in accordance with our democratic 
way of doing things. 

When the Workmen's Compensation Laws were first passed there was a tend- 
ency to view them as protecting the worker against the selfish vested interests, and 
to regard the worker as a special ward of the state. This conception is, I think, dis- 
appearing, for labor today is very competently represented in all legislative delibera- 


tions. And it has been my further personal experience that in the average case 


which is tried under a workmen’s compensation law the worker is very adequately 
represented by a skilled and able union attorney. 

44. Another aspect of this problem is found in the statement that while almost every hard- 
of-hearing person can benefit by using a hearing aid, yet only 30% of those who buy aids wear 
them (The Hard-of-Hearing Problem in the Schools of Pennsylvania, Editorial, Pennsylvania 
M. J. 52:1380 [Sept.] 1949). It has been suggested that there is still a prejudice against hear- 
ing aids and that they carry the stigma of senility (Ewing, I. R., and Ewing, A. W. G.: The 
Handicaps of Deafness, New York, Longmans, Green & Co., 1938, Chap. 2; Thompson, E. A.; 
Hardy, W. G., and Pauls, M. D., in Nelson Loose-Leaf Medicine of the Ear, edited by E. P. 
Fowler, Jr., ed. 2, New York, Thos. Nelson & Sons, 1947, Chap. 18). In any program under 
which industry might furnish hearing aids to those suffering from occupational deafness this 
prejudice would have to be overcome in order to make the program effective and of benefit to 
the worker. 


45. Macfarlan, D.: Simulated Deafness (Malingering), Laryngoscope 47:538-541, 1937. 
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We thus have arrived at a point where there is no longer any disparity of rep- 
resentation, and I also think that most industries today, and certainly most of the 
larger insurance companies, accept the truth of the fact that the Workmen’s Com- 


pensation law is a humanitarian law which should be liberally construed—although 


not to the point where they are asked to pay obviously fictitious and exaggerated 


claims. 


I think every group involved should approach the problem with an open mind 


and in a spirit of fairness. With respect to deafness, industry should be willing to 


pay the worker at the proper time, whenever that is determined to be, for any actual 


loss as provided in the Workmen’s Compensation law of the state involved, resulting 


from an injury arising out of or in the course of his employment, or which is clearly 
caused by his occupation, and the worker, on the other hand, should not ask industry 
to pay for deafness which is not caused in any way by his employment, but which is 


due to age or to some nonoccupational disease. 


In short, we should seek a solution which is fair to the individual, to industry, 
and to the public. If this be our goal, | am confident that the answer to the problem 


of noise in industry will not be long delayed. 
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MEDICAL AND LEGAL ASPECTS OF NOISE IN INDUSTRY 


A Discussion of Papers Presented 


GORDON D. HOOPLE, MD. 
SYRACUSE, N. Y. 


ROM the medical aspect the most important presentation this morning was the 

last slide which Dr. Guild put on the screen. His thesis was that the damage 
done by acoustic trauma is in the organ of Corti, and on the last slide he showed 
an organ of Corti which was intact and yet the nerve of hearing had degenerated. 
The cause of the nerve degeneration in this instance he did not know, but the 
degeneration was there. Then he said that the audiogram of this individual might 
be just the same as that of a patient with a lesion caused by acoustic trauma, and he 
is right in so saying. 

You have actually seen these two different pathological pictures. You have 
been told that the audiograms may be exactly the same. You are in a position to 
realize the plight of the physician who is asked to differentiate between the hearing 
loss which is due to acoustic trauma and that created by disease. 

Dr. House’s main thesis, if I judge it aright, was a plea to all of you to be 
enthusiasts for the cause of preemployment or what Dr. Lloyd called, and perhaps 
very wisely so, preplacement audiograms and periodic follow-up audiometric testing. 
The word “preplacement” is better than “preemployment” because “preemployment” 
carries the possible connotation that the individual, if he is discovered to have a 
hearing loss, may not be employed. ‘‘Preplacement” means that he will be placed 
in some category in the factory—some phase of the work that may not have a hear- 

‘ing-hazard condition. 

Let me tell you a very brief story of what happened to me in the last World War. 
A colonel came to my hospital in England who had suffered blast injury. 1 
examined him, and he had a severe hearing loss which was characteristic of blast 
injury. As the result of this, he was awarded the Purple Heart and apparently justly 
so, because men when thus injured carry the scar in their ears for the rest of their 
lives. They deserve the Purple Heart just as much as one who had a wound in an 
arm, which, incidentally, may not affect his ability, his livelihood, or anything else, 
whereas a hearing loss may. 

The award of the Purple Heart went through channels up to this colonel’s com- 
manding officer, and through channels a reply came back which in essence said, 
“What the h. . . is going on?’” It was pointed out that this colonel had had a hearing 
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loss before he was exposed to blast and had been wearing a hearing atd in the field. 
Then, through investigation, I was able to get a copy of the colonel’s audiogram, 
because he had been tested earlier at a station hospital in the United Kingdom, and 
his audiograms before the blast and after the blast were identical. We had a “pre- 
employment” audiogram on the colonel, and the award of the Purple Heart was 
rightly rescinded. 

Mr. Symons has asked some questions. It is impossible to dismiss them sum- 
marily. They should take a great deal of discussion. In general, however, all of his 
questions can be classified under a general heading: How can the physician help 
the lawyer in establishing the extent to which a hearing loss is due to trauma, or the 
extent to which it may be due to some other condition ? 

He is asking that question because he knows he is faced in the immediate future 
(and many of his fellow lawyers) with the possibility of having many of these cases 
brought to trial. I do not think there is any question about this. It is just on the 
verge of breaking, not only in New York State as he told you but all over the 
country. And physicians are going to be faced with the necessity of testifying, 
and the lawyers are going to be faced with the necessity of trying these cases. 
Depending on whether they are counsel for the employer or for the employee, their 
attitudes will differ considerably. But the physician must try to give what he thinks 
is the right answer. 

I would say that in general (there are exceptions to this) in those cases in which 
no preemployment hearing test is available, as far as testimony which is of worth to 
the case is concerned, it is water over the dam. The lawyers have got to be satisfied 
with the fact that the physicians cannot say “this is all due to acoustic trauma,” 
“this is partially due to acoustic trauma,” “this is partially due to disease,” or “no 
acoustic trauma whatsoever and all disease.” No doctor can really do it. If a 
lawyer asks a doctor on the stand the hypothetical question which is usually asked 
of the physician, “In your opinion, could these circumstances have caused this loss, 
or some of this loss?” the doctor must, of necessity, say yes. That is not the answer 
the lawyer wants if he is on the opposing side. 

As to the question of hearing aids. The sad part of that story is this: When 
acoustic trauma is severe enough that it affects the hearing of an individual so that 
he is aware of it and makes an application for an award, his hearing loss is so great 
and of such a character that it is more than likely he cannot wear a hearing aid with 


any degree of success. That is not true in every case, but I think it is true in many. 


We are already late in this program. There are thousands of men in this country 
who are losing their hearing right now because they are exposed to industrial noise. 

The program of the elimination of noise in industry in all of its ramifications as 
outlined today must be initiated by someone. 1 think the best persons to initiate it 
are the individuals who are in charge of the health programs of the factories of our 
country. It is their responsibility, as I see it, and they must be enthusiasts for its 
propagation, because there is resistance to change. I know many have put in a 
recommendation that this or that be done or that such a program be adopted, and 
then management has reviewed the situation, and because they feared the fact that 
it would stir up litigation (suits would arise and it would cost them money), they 
have put a cold shoulder to the whole proposition. 
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I think the party responsible for health services in factories has got to convince 
management that the program will, in the end, cost them less if they institute these 
programs. In the beginning it might cost them more just as silicosis did, but in the 
end it will cost them much, much less. We must get to the place where we have 
preemployment audiograms in all of our noisy factories and periodic follow-ups, 
because, Mr. Symons, if we do and put adequate protection around the worker and 
see that he wears ear defenders, if then he shows a progressive loss in the follow-up 
audiograms it can be said this is due to disease, arteriosclerosis, presbycusis or 
whatnot, but not to acoustic trauma. But if you do not have such a program you 
are lost, and as I| said before, it is water over the dam. 

We are a funny crowd, we doctors. We are in the business of putting ourselves 
out of business. Here we are advocating the adoption of a plan that will cut out 
hearing loss—one of the sources of our income—and you will say, “My, aren’t you an 
altruistic lot?” Well, maybe we are a little bit. That is what we are supposed to be, 
but I don’t take too much credit for the doctors along that line. I think one of the 
reasons we are advocating all this is that we want to have this evidence which is 
lacking, because we do not want to be put on the spot, not only by the lawyers when 
we get up on the examining stand, but on the spot when our replies are reviewed 
by the jurors, who may say, “There is a sap. He doesn’t know what is wrong with 
this fellow’s hearing.” We want to know the answers just as well as you as far as 
this whole problem is concerned, and we plead with you not only to put in this pro- 
gram of preemployment audiograms and periodic follow-up audiometric exami- 
nations but to give us the opportunity to get into your plants to start research which 
will give us some of the answers that the experts today have told you we do not yet 
have. 


1100 E. Genesee St. 
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SUMMARY OF CONFERENCE ON PROBLEMS OF NOISE IN INDUSTRY 


WALTER A. ROSENBLITH, Ing. Rad. 
CAMBRIDGE, MASS. 


Hie TASK of a summarizer consists of restating, in fewer minutes and in less 
precise terms, the speeches of the participants in a conference. With this 
function goes a privilege, one that might briefly be called emphasis by dehydration. 
In order to be able to talk about the problems of noise in industry, we must 
first know what noise is and how we can measure it. Professor Beranek instructed 
us this morning in the fundamentals of acoustics and of acoustic instrumentation. 
\fter a Blits course he then went on to tell us how we would go about determining 
the intensity of a given noise. He emphasized that it was important to measure not 
just the over-all level of the noise but the level in specific frequency bands (about 
eight of them), since we have found that various bands of noise are not equally 
obnoxious in terms of speech interference or equally harmful to the auditory func- 
tion. When we come right down to it, Dr. Beranek felt quite happy to be able to 
describe as complex a phenomenon as noise by 8 or 10 numbers. While such a 
specification does not quite meet Mr. Symons’ request for a single criterion, it should 
help us a long way in the setting of attainable standards. 


The next speaker, Dr. Kryter, addressed himself to the problem of safety criteria. 


He is the author of the recent, and I might say already classic, monograph entitled 


“The Effeets of Noise on Man.” This monograph presents a careful analysis and 
evaluation of the heterogeneous data that have been collected by people interested in 
the multifaceted problem of noise in industry. 

Dr. Wryter gave us a forceful illustration of what science can do and of what 
science is unable to do. First, he asked the question “Safety criteria for what?” 
Is it necessary for us to communicate? Do we want safety criteria that will guaran- 
tee that there will be no risk of damage to hearing? Or will we be satisfied if we 
can predict that there will be no reduction in industrial output ? 

We have to be specific about the questions we ask. The answer to the above 
three questions cannot reasonably be the same. Dr. Kryter discussed, as Dr. 
Beranek had done before him, interference with speech communication as a function 
of the intensity and, in particular, of the frequency distribution of the noise. We 
are dealing here with a problem of masking. What is being masked is a wanted 
signal, an order, a command, or a warning. The intensity level at which masking 
will occur lies considerably below the level at which there may be damage to the 


Read at the Conference on the Problems of Noise in Industry held in Atlantic City, N. J., 
April 23, 1951, under the sponsorship of the Acoustical Society of America, the American 
Academy of Ophthalmology and Otolaryngology (Sub-Committee on Noise in Industry, of the 
Committee on Conservation of Hearing), and the American Medical Association (Council on 
Industrial Health and Council on Physical Medicine and Rehabilitation). 


loo 


are 
: 
= 
3 
: 
| 
j fe 
a 
a 
4 4 


ROSENBLITH—SUMMARY OF CONFERENCE ON NOISE IN INDUSTRY 161 


auditory function. There is not just a difference in intensity level between these two 
safety criteria—the one for speech communication and the one where there is risk 
of damage to the individual's hearing; we find also important differences in the 
variability of individuals in the two situations. 

Individuals with normal audiograms are pretty much alike in their ability to 
discriminate a signal in the presence of a masking noise, but they may differ 
radically in their ability to withstand the effects of loud sounds. Recently a 
Danish otologist (Theilgaard) and scientists in this country have shown that these 
individual differences go further than anyone had suspected: The two ears of the 
same subject may exhibit striking differences, and there seems, furthermore, to be 
little correlation between the effectiveness of various exposure frequencies in pro- 
ducing threshold shifts in the same individual. These problems certainly deserve 
to be investigated more fully, but they show us why we are far from being able to 
specify how an “average” ear will behave in the presence of even a well-specified 
industrial noise. Before setting standards we need reliable population statistics 
concerning the susceptibility of subjects, their ability to recuperate, the influence of 
age on these factors, and many more parameters of the “industrial-noise, industrial- 
deafness” picture. The problem of silicosis has been mentioned more than once 
today. Parallels have been drawn to the problems we face. It would be worth 
while for us to know how much individuals differ in their susceptibility to silicosis 
and how these individual differences are reflected in the accepted standards. There 
can be little doubt that whatever the criterion for hearing loss which we may 
ultimately accept, it will have to be based on a percentage estimate of how many 
tough and how many tender ears there are among us. 

Sut let us return to Dr. Kryter’s criteria. Certain, not too carefully controlled 
studies have attempted to establish the general statement that noise reduces output. 
Dr. Kryter assures us, however, that as long as we are concerned with the perform- 
ance of an individual working by himself, most people, if they are properly motivated, 
can stand quite a bit of noise. Mind you, the task is here an individual nonauditory 
task, not a collective task; for if we have a team whose members need to communi- 
cate, our problem is no longer a problem of interference with a given output but 
a problem in speech communication. Obviously we must then fall back on another 
criterion, one that will reflect just how much communication is necessary. Some 
recent studies from the Harvard University Psycho-Acoustic Laboratory have 
indicated that speech communication in the presence of unavoidable noise is improved 
by restricting the vocabulary used to transmit the information. This procedure is 
undoubtedly intuitively applied in many places, but it could stand being systematized. 

Thus we have three different criteria, which we can identify briefly as: (1) 
speech communication, (2) risk of damaging the auditory function, and (3) indi- 
vidual output. As we proceed from the first to the third, the acceptable intensity 
of the noise goes up without ever actually reaching the threshold of pain. The 
criterion numbers (noise levels in decibels) are, however, subject to change if 
so-called ear wardens or ear plugs are worn. In spite of what common sense would 
mislead one to believe, it has been shown, mainly by Kryter, that ear plugs are a 
help rather than a hindrance to communication in the presence of intense noise. 
Safety engineers should give serious consideration to this aspect of ear plugs even 
though it represents an additional supervisory responsibility. When you have little 
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control over the noise level but enough control over your men to get them to wear 
these gadgets, you can have better communication in the presence of noise with 
ear plugs than without them. 

Our next speaker, Dr. Williams, complained quite justifiably that there is a lack 
of basic information concerning the effects of noise in industry. It was his hope that 
we would go out and collect good field data, and he had some valuable advice for 
us on how to approach labor and management on such a job. It is certainly impor- 
tant to collect good field data. It is also important to understand that even such 
good field data as those Dr. Schowalter presented to us this afternoon are subject 
to a great number of uncontrolled variables. Our job is, then, to try to fit together 
field studies and laboratory studies. Even in the laboratory, where at least some 
of the variables are under control, we still encounter a great deal of individual 
variability in experiments on auditory fatigue. 

Mr. Newman gave us an eloquent demonstration (if a silencing operation can 
ever be called eloquent ) of what can be done to the noise produced by a small motor. 
He accompanied this effective illustration of sound acoustic principles by good 
advice, put almost in the form of slogans: 1. Isolate the noise; if you have to put 
up with it, keep it where it belongs! 2. Don’t just paste acoustic tile to the ceiling 
and expect the screeching noise of a worn grinder to be transformed into a melodious 
scherzo! 3. Don’t put dispensaries or cafeterias right in the middle of boiler 
factories ! 

Dr. Wheeler discussed with us some of the practical problems encountered in 
the field. Those of us who have made similar studies sympathized with the ques- 
tions he raised. He, too, had a piece of valuable advice: If you have no other 
calibrating equipment, don't forget to take a normal ear along. You can then test 
your apparatus on location and in the circumstances in which you will want to use it. 

Next, Dr. Carter got us into the very touchy subject of how we ought to calculate 
hearing loss. Dr. Carter made his and our job tougher by telling us that we must 
use Only that minimum of mathematics, in the calculation of hearing loss, that will 
be ‘understandable to all juries. That’s quite an assignment! 

There are several difficulties here. We usually measure thresholds for pure 
tones and hope that we can extrapolate from these data to the kind of loss of function 
a man experiences when he listens to the spoken word at an intensity well above 
threshold. We must also use a compromise formula that takes into account the 
indisputable fact that most of us have two ears and not just one. The implication of 
this fact is that we must weight the contributions of both ears in the discrimination 
of the signals with which a man usually deals. A good deal of ingenuity has been 
used, and | am far from suggesting that the methods mentioned here this morning 
(Fowler-Sabine, Fletcher) are not actually good and workable approximations. 
Let me point out, however, that at the present time throughout this country people 
are trying to develop speech audiometry—not of the old-fashioned kind where you 
either whispered at a distance of 20 ft. or shouted at a distance of 48 ft.—but 
speech audiometry of a kind that is comparable in its precision and reliability to 
the kind of pure-tone audiometry that we have all come to trust. 

Dr. Schowalter presented to us the study of the Western Electric Company 
group in which data had been assembled on almost 2,000 subjects. The application 
of certain statistical techniques should permit us to get rid of much of the contami- 
nating influence of the age factor in these data. But here as elsewhere it would 
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be nice to compare these 
with “average” ears of people of comparable ages, to see whether they differ 
significantly. 

Mr. Boynton showed us how to go about silencing revolving machinery, by 
methods that involve the use of a stroboscope. Procedures like the one he outlined 
should be acceptable to management, if for no other reason than the one Dr. Wil- 
liams gave this morning—that noisy machinery maa be machinery subjected to need- 
less wear. 

So much for the summary of those contributions that were particularly in my 
province. We have seen that we are far from having the answer to the problem 
of noise in industry, but we have learned to rephrase our problems in a way that 
has made it possible to come up with some definite answers. 

We have learned to measure noise reasonably well. We have made progress in 
throwing up barriers against noise, and we are taking the first timid steps in the 
direction of designing equipment with a view to minimizing the need for the control 
of noise. We know that as long as man can hear and understand his fellow men 
in the presence of a given noise, there is no danger of his suffering irreversible 
hearing loss. We know also that a man who has hearing loss usually has more than 
just a raised threshold. His hearing loss is accompanied with loss of loudness, his 
ability to localize sounds may be impaired, and he may even have a distortion of the 
pitch of those sounds he does hear. 

These are some of our answers. They may not be good enough when measured 
by our present legal standards. Even if we have preplacement audiograms and if 
we keep on developing susceptibility-to-noise tests, our predictions (and even our a 
posteriori expressed opinions) will remain essentially statistical. All we shall be 
able to say is “it is probable...” or, at best, “it is highly probable .. .” 

Here men of science have a tough job. For while the public believes that the 
scientists are omniscient, we know that what we know best is the extent to which we 
are uncertain. It is this degree of reasonable doubt that surprised some of our 
senators in 2 recent hearing when they found out that the amount of gold at Fort 
Knox was known only within a probpble errug of plus or minus $20,000,000. 

Sut such knowledge of our limitations is no reason for discouragement. Our 
task i. outlined more clearly than ever before. Our tools have become more refined, 
and we are agreed as to our objective. We want to minimize the losses to the 
individual and to society, that is to say 


, those losses that we can reasonably ascribe 
to industrial noise. 


Psycho-Acoustic Laboratory, Harvard University. 
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Abstracts from Current Literature 


General 
Economics or INpUsTRIAL OPHTHALMOLOGY. I. H. Stotzar, Ohio M. J. 47:654 (July) 1951. 


The report released by the Division of Safety and Hygiene of the Industrial Commission of 
Ohio for the year 1949 shows that of a total of 271,156 claims filed, 51,924 claims, or 19.1%, 
were for injuries of the eyes. One hundred seventy claims were made for total loss of vision. 

In this paper Stolzar outlines a program for industrial visual hygiene. Workers should be 
subjected to a complete ophthalmologic examination. Early glaucoma, incipient cataract, remote 
retinal hemorrhage, chronic iritis, and choroiditis are some of the multitude of possible diseases 
which may be detected in advance of demonstrable visual loss as determined by a test of vision 
alone. Muscle balance should be included in the examination. A rough visual-field test must 
be done to rule out appreciable failures of lateral vision. Gross loss of side vision would 
obviously jeopardize both the employee and his fellows in certain assignments. The visual-test 
program should be a continuous one; preemployment and then annual examinations are a 
necessity 

Visual standards should be set up for the various tasks, and the employees should be assigned 
to tasks Consistent with their visual abilities. All employees whose vision falls below standard 
should be required to have corrective spectacles made. 

All employees subject to eye hazards must be required to wear safety goggles, but uncom- 
fortable glasses will not be worn. Periodic short lecture sessions emphasizing the various 
aspects of safe industrial practices with regard to the eyes will serve to keep the employee aware 
of the importance of visual hygiene. Strategically placed safety posters are highly beneficial. 
Although the program indicated may at first glance seem ambitious and expensive, the reduction 
of eye mjuries and the general improvement in employee performance will more than offset 
any objections that may be raised. 


Ovurtine or Lectures on INpustTRIAL FOR MEDICAL STUDENTS. FEDERAL 
Security AGcency, Unirep States Pusptic HEALTH Aug. 1951. 


This 125-page outline was prepared to serve as a base line from which lectures on industrial 
diseases can be prepared which may be delivered to medical students and to graduate students in 
public health. The industrial poisons and nociceptive physical agents are considered under such 
subdivisions as nature of material, sources of exposure, mechanism of action, acute and chronic 
toxic effects, and medical control. Included in the outline are chapters on carcinogenic agents, 
youth in industry, women in industry, nutrition in industry, air pollution, and prevention of occu- 
pational disease. The bibliography is extensive and includes a list of basic texts, periodicals 
devoted to industrial hygiene and periodicals containing abstracts of industrial-hygiene subjects. 


CLEMENT YAHIA, Boston. 


Tue APPLICATION OF SCIENTIFIC METHODS TO INDUSTRIAL AND SERVICE MEDICINE. (PRO- 
CEEDINGS OF A CONFERENCE HELD FROM Marcu 29 to Marcu 31, 1950.) Medical 
Research Council, London, His Majesty's Stationery Office, 1951. 


Certain fundamental principles of scientific method, outlined at the start in a most individual 
paper from A. Bradford Hill, formed the common ground on which speakers from many widely 
diverse fields met at this conference. Bradford Hill was foilowed by four speakers who illustrated 
the application of scientific methods to specific group surveys: namely, an investigation of 
sickness absence in the G.P.O. (D. D. Reid), an analysis of the occupational incidence of peptic 
ulcer (R. Doll), a study of pulmonary tuberculosis in the shoe trade and in Northampton (Alice 
Stewart), and a number of medical problems from industrial and army life (J. R. Squire) for 
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165 
which both laboratory research and field surveys were used. The value of combined laboratory 
and field work was stressed also by J. M. Barnes in a critical discussion of the use of laboratory 
animals in measuring the toxicity of chemical compounds encountered in industry. 

Field surveys of specific health hazards were described by D. Hunter (fluorosis and 
berylliosis), C. M. Fletcher (coal workers’ pneumoconiosis), A. L. Cochrane (methods for 
measuring the connection between dust and disease in pneumoconiosis) and J. C. Gilson (methods 
for measuring dyspnea and its relation to pneumoconiosis). 

A third group of papers dealt with laboratory studies directed toward the improvement of 
human performance in industry and in the services (a) through environmental factors (T. 
Bedford and J. S. Weiner considered different aspects of man’s reaction to heat, and H. D. 
Darcus discussed the influence of machine design on the comfort and efficiency of the operator), 
and (b) through psychological factors (F. C. Bartlett described some of the results achieved 
in this field by experimental psychology). 


In summing up, the chairman (H. P. Himsworth) pointed out that every field survey 
discussed during the conference raised fundamental problems of scientific fact or method and 
that for this reason it had been profitable to choose for the conference a title which embraced 
such a wide range of medical problems. 


MarGARET CarRNs, Boston. 


EXAMINATION OF WorKERS AND WorKING Conpitions 1n A Giass Fiper Factory. J. 
Jinpkicnuiva, V. JenS1, M. SapatovA, and M. Pantucex, Prac. lék. 3:135 (June) 1951. 
The authors examined both the workers and the working conditions of a glass-fiber factory. 

The work is light and should be done mostly by women. There is no danger of pneumoconiosis, 

and when the protective measures and personal hygiene are maintained, the work hazards with 

methyl alcohol, trichloroethylene, and formaldehyde are limited to a minimum. It is necessary 
to keep the employees under continuous observation. A medical follow-up is, however, not 
sufficient ; it is necessary to cooperate with the management, the workers’ committee, and mainly 
with as many workers from the workshops as possible. 


INFLUENCE OF UNDERGROUND WorK ON Wuuite BLoop Picture oF MINERS. W. ScHuvutz, 
Arbeitsphysiol. 14:328 (No. 4) 1951. 


The question whether the climatic conditions prevailing in mines produce typical reactions 
in the human organism induced Schulz to study the white blood cell picture of miners working 
underground. In order to exclude other factors that might alter the white blood cell picture, 
only healthy miners were examined. Leucocyte counts were made on 100 miners before and 
after working underground. The leucocytes decreased by an average of 36% as a result of the 
underground work. There was some positive relationship between the decrease in the leucocyte 
count, on one hand, and the temperature and the depth of the mine, on the other. 


Physiology and Nutrition 


INFLUENCE OF GENERAL Hypoxta oN Loca Cotp Injury. J. Prcuorka, R. B. Lewis, and 
U. C. Lurt, Texas Rep. Biol. & Med. 9:601, 1951. 
Observations on frostbite suffered in aircraft and on mountains indicate that the incidence and 
the severity of local cold injury are greater at high altitudes than at sea level. Considering the 
circumstances under which these impressions were gained, one might conjecture whether low 
temperatures accompanied by high wind velocities were mainly responsible for the aggravation 
of frostbite or whether this was due to the combination of those factors and general hypoxia. 
The latter possibility seemed worthy of being investigated under controlled conditions on animals. 

The authors exposed 132 albino rabbits to cold injury and hypoxia. The 60 rabbits which 
served as controls were subjected only to the standard cold injury. A hindleg was immersed 
for 30 minutes in an alcohol bath of —12 or —15 C. (+10 or +5 F.). It was found that hypoxia 
did not influence the extent of necrosis if present only during the exposure and in a preparatory 
period up to 30 minutes. 

Hypoxia present after local cold injury increased the extent of the resulting damage as 
measured by the proportion of necrotic muscle tissue in the exposed leg ; the increase was directly 
related to the period of hypoxia. It is conceivable that general hypoxia induces this effect either 
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by local oxygen deficiency or by impairment of the peripheral circulation. When the hypoxia 
preceded the cold injury, the outcome varied, and it is regarded as unlikely that this is the 
reflection of the diminution of the local oxygen tension at the time of exposure. The differences 
observed in the extent of necrosis after different lengths of the hypoxic period prior to cold 
injury must therefore be attributed to other factors secondary to general hypoxia. 


Occupational Diseases and Hazards 


DERMATITIS OF THE HANDs IN INDUsTRY. N. N. Epstern and J. R. Aven, California Med. 
75:300 (Oct.) 1951. 


Of 328 patients with dermatitis who were referred to the authors in the four-year period 
of 1946 to 1949 for an opinion as to whether or not the disease was of industrial origin, 218 (about 
two-thirds) had dermatological conditions that, according to the authors’ opinion, were caused 
by industrial exposure factors. Of the 218, 128 (59%) had contact dermatitis due to sensitization 
or primary irritation from substances contacted during their work. Of these 128 patients, 121 
(94.5%) had involvement of the hands and forearms and 83 (659%) had no other involvement. 
The patients with eruptions of industrial origin were employed in 58 different occupations, the 
most common of which in order of frequency were those of cook, painter, mechanic, brewery 
worker, dishwasher, domestic worker, janitor, teamster, photographer, printer, carpenter, candy 
maker, florist, cleaner, baker, bartender, waitress and lubricator. Other patients were cosme- 
ticians, leather workers, dentists, cannery workers, and food handlers. 

Of 2,260 patients observed in private dermatological practice during the same period, only 
201 (9%) had dermatological lesions on the hands. Of the 201 patients, 68 had contact dermatitis, 
while 15 different kinds of dermatosis were diagnosed in the remaining 133 patients. The 
number of possible causative conditions indicates the complexity of the problem of differential 
diagnosis of the eruptions of the hands. 

Establishing industrial responsibility in cases of suspected occupational dermatitis of the 
hands is difficult, but in most cases a just conclusion can be reached by (1) some knowledge or 
understanding of the conditions of the occupation, (2) a careful history, (3) a complete 
examination of the skin, and (4) the use of at least two specific procedures: (a) microscopic 
and cultural methods for detecting fungi and (b) the skin patch test. The importance of correct 
early diagnosis and proper treatment of these injuries is obvious. 


Much suffering, lost man-hours 
of work, and financial loss may be avoided thus. 


It is particularly true in industrial medicine 
that the physician must constantly avoid prejudice, so that the worker and the insurance carrier 
are not unfairly affected by inaccurate decisions. 


OccupaTIONAL CANCER AND OruerR HEALTH HAZARDS IN A CHROMATE PLANT. A MEDICAL 


AppratsaL: IL. CrinicaAL AND ToxticoLocicaL Aspects. T. F. Mancuso, Indust. Med. 
20:393 (Sept.) 1951. 


Members of a sample group of workers in the chromate plant were classified according to 
type and degree of exposure. The clinical and toxicological studies of the occupational chromate 
exposure included (1) the diagnosis of bronchiogenic carcinoma, pneumoconiosis, chemical 
pneumonitis, and asthma; (2) the finding of chronic injuries to tissues of the respiratory passages 
in the forms of ulcer, perforation of the nasal septum, polyps of the nasal mucosa, hydrops of 
nasal sinuses, laryngitis, etc.; (3) a highly probable relationship between occupational chromate 
exposure and gastrointestinal changes in the form of ulcers and hypertrophic gastritis; (4) the 
urinary and blood levels of chromate, which appear to be a sensitive index to the degree of 
chromate exposure; (5) occasional correlations between degree of exposure and hyperleucocy- 
tosis, leucopenia, monocytosis, eosinophilia, decrease in hemoglobin, erythrocytotic reaction, and 
increase of bleeding time..The reactions were on the whole less severe and frequent in workers 
of a nearby cement factory serving as an environmental group. 


FARROKH Sarp1, Boston. 


INTESTINAL VOLVULUsS PREcIPITATED BY LEAD PorsoONING (REPORT OF FIvE Cases). KNUTE 
FE. Bercer and Einar A. Lunppere, J. A. M. A, 147:13 (Sept. 1) 1951. 


Intestinal volvulus may be precipitated by lead poisoning. In five lead-plant workers in La 
Oroya, Peru, volvuli involving the sigmoid colon and small bowel, also prior symptoms consistent 
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with gastrointestinal plumbism merging into those of volvulus, were noticed. The volvulus 
appears generally to precipitate with uncoordinated muscular turmoil and spasm of the intestine. 
A congenitally long sigmoid or megasigmoid are predisposing factors. Prompt surgical inter- 


vention is required in the majority of the cases. Farrokn Satp1, Boston. 


Heattn Hazarps oF SHALES Usep For Stone Dustinc. G. HaGetscumipt and A. L. 
Gopsert, Great Britain Ministry of Fuel and Power, Safety in Mines Research Establish- 
ment, Research Report No. 19, March, 1950. (13 pp.) 


The quartz contents of 22 shales used for stone dusting and of their respirable fractions below 
5 » equilavent diameter have been determined by chemical analysis. In the total samples the 
quartz contents range from 15 to 35%, and in the respirable fractions they range from 8 to 21%. 
Size analyses by screening and the gravimetric sedimentation method showed that the samples 
conformed, on the whole, to present regulations. The respirable fraction varied from 1 to 25% 
of the material passing the 60-mesh (B.S.S.) sieve. The evidence from animal experiments, 
examinations of workers, and quartz determinations on the health hazard of shales is reviewed. 
It is concluded that shale dust does not constitute a silicosis hazard but that it may be a contribu- 
tory factor in causing pneumonconiosis of coal miners. The great similarity of respirable dusts 
from shale and slates adds weight to this conclusion. Alternative nonsilicosis materials, e. g., 
crushed iimestone, are available. There is every reason to suppose that limestone and gypsum 
dusts are harmless if they are free from silica. It is therefore recommended that shale should 


not be used for stone-dusting in coal mines. Avutuors’ Summary [Indust. Hyg. Digest.]. 


Le RETENTISSEMENT CARDIO-VASCULAIRE DE LA SILICOSE ET DE L’ANTHRACO-SILICOSE 
(CARDIOVASCULAR SOUNDS IN SILICOSIS AND ANTHRACOSILICOSIS). F. LAVENNE, 
Communication No. 83, Institut d’Hygiene des Mines. A.S.B.L. June 29, 1951. 


Cor pulmonale is a frequent complication of silicosis and anthracosilicosis, especially of the 
massive, conglomerate type. Among the coal miners of South Wales with anthracosilicosis 
23.7% died of right heart failure. Cor pulmonale develops as a result of both pulmonary and 
cardiac insufficiency. It is frequently difficult to separate the pulmonary manifestations from 
the cardiac manifestations. The development and stages of cor pulmonale can be established 
by definite electrocardiographic, x-ray and clinical criteria. Some of these criteria are discussed 
by the author. Miners who have been exposed over a long period and whose lungs contain many 
“coal nodules” should be kept on the job, since pulmonary fibrosis is inevitable. However, the 
heart and lungs of such miners should be examined at least once a year. In the determination of 
worker disability, electrocardiographic findings, as well as the use of the x-ray and the compu- 
tation of maximal breathing capacity, serve to establish the degree of pulmonary and cardiac 


pathologic change. CLEMENT YAHIA, Boston. 


Bone Marrow StupiEs IN Sivicosts. Grutio Saira and CALOGERO D1 Naro, Med. lavoro 
42:201 (June-July) 1951. 


In 20 cases of silicosis (11 of silicosis at different stages and 9 of silicosis associated with 
active tuberculosis) myelograms of marrow obtained by sternal puncture were studied. 

In uncomplicated silicosis there were no particular modifications of the granuloblastic and 
erythroblastic series; only in some cases slight hypoplasia of the granuloblastic series was 
found; the maturation curves were practically normal. In cases of silicosis accompanied with 
active tuberculosis the myelogram was similar to that found in cases of chronic infection, with 
an increase of the granuloerythroblastic index, hyperplasia of the granuloblastic series, and 
metamyelocytosis of the marrow: only in one particularly serious case was the marrow compar- 
atively immature, showing increase in the myeloblasts and promyelocytes. Sometimes the 
myelocytes and metamyelocytes showed toxic granulations. Many cases of silicosis and silicosis 
with tuberculosis showed an increase in histoid proliferation (in one case five times normal). 
This increase is probably the local expression of hyperplasia and activation of the mesenchyme, 
as proved, by recent work, to occur in all the organs of silicotics. The increase of the histoid 
proliferation index appeared to be more prominent in the case of silicosis with tuberculosis. 
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In silicosis the mesenchymal activation is often accompanied by dysproteinemia: no obvious 


parallel has however been verified between dysproteinemia and increase of the histoid pro- 
liferation index 


Lesions or Cusitat NervE—AN DIsease. G Proyarp, Med. lavoro 42:216 
(June-July) 195]. 


\ case of peripheral injury of the left ulnar nerve of a riveter is described. The only 
peripheral motor branch was injured through compression of the nerve at the level of the hocked 
apophysis of the hamate bone, by the handle of the pneumatic tool. It is recalled that such 


Injuries often occur alter orgamie resistance has been reduced by intercurrent illness, vaccination, 
or acute injury 


Byssinosis in tHe Britisn Corton Textite Inpustry. R. S. F. Sc HILLING, Med. deport. 
y Trab. 16:4236-4244 (June) 1950. 


Byssinosis is a disease peculiar to the cotton textile industry, recognized for over 100 years. 
It occurs after 5 to 10 years’ exposure to cotton dust and is characterized by irritation and tight- 
ness of the chest, especially on returning to work after a short absence. As the disease 
progresses, the tightness and dyspnea become worse and more continuous. finally leading to 
permanent disability, Emphysema is the essential lesion in the later stages but bronchitis is 
common. The causative agent is unknown, but histamine and a protein allergen in the dust are 
suspected, A psychosomatic tactor is possible. Its progress and severity are dependent on 
the extent of exposure. The mortality from byssinosis has been underestimated, because deaths 
are often attributed to heart and kidney disease that follow the respiratory effects. Recently 
much has been done to reduce dust concentration in card-rooms by exhausts, vacuum cleaning, 
and air conditioning 

Preliminary treatment of the cotton with oil emulsions has been helpful. However, preventive 
measures have not eliminated the disease. Medical services have been developed in the industry 
to a much smaller extent than in the newer factories, and the few medical officers must depend 


on their clinical experience to achieve prevention. Inpust. Hyc. Dicest 


PNeumMonocontosis in Achate Grinpers. H. Scuramn, Zentralbl. Arbeitsmed. & Arbeits- 

schutz 2:105 (Sept.) 1951 

In the Hunsruck mountains near the Luxemburg border in Southwestern Germany achate 
grinding mills are running where tor many decades achate stones were ground by workmen 
lying with their thoraces and abdomens on hollowed-out wooden blocks. Mortality from 
tuberculosis was high in the villages in which this work was done. Owing to the facts that 
sandstones are used as grindstones and that the achate stones belong to the minerals containing 
stheie acid, oceurrence of silicosis was suspected among the achate grinders. Consequently, serial 
roentgen examimations were performed on 318 achate grinders, in 29 of whom silicotic changes 
of the lungs were demonstrated. All stages of the disease were observed. Initial silicotic changes 
were presented by men who had been working as grinders for 15 to 20 years, silicotic changes of 
medium degree atter 29 to 30 years of work, and severe silicosis after 27 to 28 years of work at 
the earliest. In nine silicotic workmen the disease was associated with tuberculosis. Anatomico- 
pathological changes of massive fibrosis and severe bullous emphysema were revealed by necropsy 
pertormed on a dead grinder. Although the antiquated work chairs of the old grinding mills 
have been replaced frequently by better apparatus, and irrigation of the sandstones has been 
practiced during the grinding process, there is still ample opportunity for improvement of 
working conditions Wearing of masks cannot be expected from the grinders who have to 
pertorm heavy physical work. Extensive elimination of the dangerous sandstone dust may 


be achieved by substituting for the natural sandstones artificial grindstones, which already 


have been used successfully for preliminary grinding and finishing touches. 


Parc Lune anp Tatc Granutoma. E. W. Baaper, Deutsche med. Wehnschr. 75:50-51 
(lan. 6) 1950 
Chis is a study of the recent literature on pneumoconiosis caused by inhalation of tale dust, 


and granulomata produced in certain tissues by contact Special reference is made to the 
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roentgenographic appearances of the lungs, to the presence of the special “bodies” resembling 
asbestosis bodies, and to an increased tendency for tuberculosis to occur in the affected lungs. The 
disease has been described as resulting from exposure to tale dust in the mining and milling of 
the raw material and in its use in industry, and to the production of tale granulomata in wounds, 
especially operation wounds in the peritoneal cavity, from the use of tale as a dusting powder 
on surgical gloves. No new case material is added. 

The condition of talcosis is regarded by the author as a distinct entity, and it is suggested 
that it should be regarded as an industrial disease for purposes of compensation as is done for 
silicosis, alone or accompanied with tuberculosis, and asbestosis, alone or associated with cancer 
of the lung. Talcosis would be described for the purpose of compensation as (a) tale pneumo- 
coniosis (talcosis) with disabling impairment of the respiratory or the pulmonary circulation: 
() tale pneumoconiosis (talcosis) accompanied with active, progressive tuberculosis 


E. L. Mippteton Hye 


BerYtuiosis. D. Hunter, Arch. belges méd. sociale, hyg. 8:433-441 (July) 1950. 


This excellent summarizing article commences with information concerning beryl (the ore 
in which beryllium occurs. in nature), the metal beryllium, its salts, their alloys, and their 
industrial uses. Beryllium-copper is, perhaps, the most important alloy; it is hard. corrosion- 
resistant, nonrusting, nonsparking and nonmagnetic, with a tensile strength as great as mild 
steel and six times as great as that of copper. When the toxicity of beryllium fluoride was first 
recognized, blame was cast upon the acid radical; but when dust and fume of pure beryllium 
metal caused pneumonia the beryllium ion itself was proved to be toxic. So long as smelting 
Processes are carried out wet no hazard exists: but when briquettes are crushed, furnace dross 
is manipulated, and castings are cleaned and ground, fumes and dust arise. A process recognized 
as particularly hazardous is the manufacture of fluorescent lamps. Powders, used as phosphors, 
are prepared and mixed; they contain zine heryllium, manganese silicate. zine beryllium silicate 
and beryllium oxide. Tubes used for electric stgns are coated with a liquid suspension of phos- 
phors and set to dry after which they are cleaned and the ends are brushed free of excess powder. 
Cuts from broken fluorescent lamps may show an edematous eruption; if a bit of this glass 
penetrates the skin a subcutaneous granuloma may develop, cured only by excision of the particle. 

In addition to such lesions be ryllium dust may set up dermatitis, conjunctivitis, irritation of 
the nose and throat with epistaxis, anorexia, dyspnea, loss of weight, and also acute and chronic 
lung disease. Weeks or months may pass before abnormal signs appear in the lungs. Once 
started, the disease progresses; one-third of the affected persoys die: one-third are permanently 
disabled; the rest recover, as the lung changes resolve to some extent. In chronic berylliosis 
the lungs are grossly emphysematous with fine nodules and diffuse interstitial fibrosis Granulo- 
mata form by organization of alveolar exudat ; within them are numerous giant cells. Cor 
pulmonale may develop. X-ray appearances alone are not diagnostic. The occupational history 
of the disease must be sought out. and beryllium looked for by spectrographic methods. Such 
methods are now sensitive to 0.3 y of beryllium per 100 mg. of tissue. and to 0.1 ¥ per liter of 
urine in which amounts ranging from 0.1 to 2.0 Y per liter have been found. Beryllium inhaled 
may remain in the lungs without reaction for long periods. No known therapeutic measure 
influences the course of berylliosis. Prevention is the only consideration. The threshold of 
danger is placed at 100 ¥ per cubic meter of air. Mention is made of 10 persons being affected, 


who were living in the neighborhood of factories in which beryllium compounds were used, 


KE. L. [ Bull. Hyg.]. 


Kypuosis JuvENtLIs SCHEUERMANN—AN Ditsorper. K WASSMANN, Acta 
orthop. scandinay. 21:65 (No. 1) 1951. 


On the basis of Danish army recruit examinations comprising 581.000 men aged about 20, 
the incidence of juvenile kyphosis (Scheuermann’s disease) in all adult Danish men has been) 
estimated to be 4 to 5%. The incidence of the disease in men living in rural districts proved, 
to be eight times higher than that in men living in the cities, as was demonstrated by the 
examination of 2,250 men at conscription age and by additional ri entgenologic 


clinical! 
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suspected cases. That occupational trauma occurred at the time of the onset of the disease was 
demonstrated in the cases of 23 of 24 men from rural districts, 18 of whom were employed 
in agricultural work and 5 in other hard physical work. Only one did not perform physical 
work, but in this case a hereditary taint seemed to be present, since his mother’s spinal column 
presented analogous roentgenologic changes and a maternal uncle also had an abnormal curvature 
of the vertebral column. Familial occurrence of juvenile kyphosis was extremely common among 
the examined men, but may be considered as “pseudohereditary,” determined exclusively by the 
common occupational environment. An increased incidence of signs of rickets was not observed 
among the patients with Scheuermann’s disease. Faulty posture might be considered as a pre- 
disposing factor. The main cause of juvenile kyphosis is hard physical labor between the ages 
of 10 and 16. A hereditary predisposition may be present occasionally. Prophylactic measures 
should consist in (1) avoidance of overloading the backs of young persons, (2) occupational 
advice in cases of hereditary predisposition, and (3) harmonizing physical exercises which 
strengthen the back and counteract faulty posture. 


LunG CaArcCINOMA IN NICKEL WorKErRs. AAGoT Curistie L@KEN, Tidsskr. norske legefor., 
1950, No. 11, p. 375. 


Three cases of pulmonary cancer in workers of a nickel refinery are mentioned. The patients 
were treated in the same surgical department within a short period of time. No other cases of 


pulmonary cancer had been diagnosed among the rest of the workers at the nickel refinery 
concerned, The workers are not, and have not been exposed to nickel carbonyl but have been 
exposed to dust and fumes of nickel and some other nickel compounds. 


ARNE BRUNSGAARD, Oslo, Norway 


PNeumomycotic INFections. Orro ANDERSEN, Tidsskr. .norske legefcr., 1950, No. 14-15, 


2 p. 477. 

A case of mycotic infection of the respiratory tract of a carpenter is discussed. Aspergillus 
2 fumigatus and Rhizopus could be demonstrated in the sputum. The same fungi were recovered 
; from a grayish green layer of mold on pine boards in the carpenter shop. The carpenter under- 
t went a massive exposure when the boards were treated in the dusty planing operation. 


ARNE BRUNSGAARD, Oslo, Norway 


Industrial Toxicology 
ParRATHION PortsoninG. D. O. HAMBLIN and J. F. Marcuanpb, Am. Pract. 2:1-12, 1951. 


The authors review 3 fatal and 7 nonfatal cases of parathion poisoning which occurred in 
processing plants in 1948 and 1949 (the first two years of large-scale commercial production in 
the United States), The fatalities and serious poisonings which occurred during field handling 
of parathion sprays are also summarized. The article contains 13 references. 


BARBARA R. Murray [Chem. Abst.]. 


An AppraisaL or A UriNARY PorpHyRIN Test IN Detection or Leap Assorprion. A. L. 
Brooks, Indust. Med. 20:390 (Sept.) 1951. 


Among the measures that may be used in preventing industrial lead poisoning, the quantitative 
or semiquantitative estimation of the coproporphyrin in the urine may prove to be valuable. The 
coproporphyrin level may vary in response to many pathological stimuli. A “rough and ready” 
test run on a group of men exposed to varying amounts of lead dust or fumes in the Fisher Body 
Division of the General Motors Corporation, Pontiac, Mich., indicated that the porphyrin content 
of the urine can be a rough index of the relative degree of exposure. The test is simple, con- 
venient, and rapid. All degrees of intoxication give positive results. After exposure porphyrin is 
found earlier in the urine than are stippled cells in the blood. On the whole, the test appears to 
be a good supplement for other tests of intoxication or excessive absorption of lead. 


FARROKH Boston. 
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THe PrRoBLeM OF CONSECUTIVE COMPLICATING ERUPTIONS IN INDUSTRIAL MEDICINE. G. F. 
Emerson, New York J. Med. 52:2015 (Sept. 1) 1951. 


The first of the two cases presented here is that of a woman who in 1944 was exposed to 
chemicals used in electroplating. Apparently, the solutions contained in the vats frequently wet 
her hands and forearms. After one month at this work, a dermatitis appeared on the exposed 
parts, and later the face and neck became involved also. She stopped work two months after 
the dermatitis first appeared. 

Since that time she has been under the care of dermatologists and general practitioners for 
varying intervals. Treatment has included roentgen therapy. The dermatosis has persisted to 
date continuously and is worse during the summer heat 

This patient and the other one, who suffered a welding burn in 1949 and was treated with a 
sulfonamide compound and later with penicillin, raise a number of questions concerned with 
workmen's compensation: Are such patients entitled to free treatment of skin lesions for the 
rest of their lives? Will the employer in whose plant the original skin lesion was acquired be 
liable for later doctor, hospital, and medicine bills? 


Tue Errect or 2,3 (BAL) ON EXPERIMENTAL NICKEL CARBONYL 
PoisoninG. J. M. Barnes and F. A. Denz, Brit. J. Indust. Med. 8:117 (July) 1951. 

The effects of inhalation, the distribution, and the pathogenetic effects of nickel carbonyl 
in rats and rabbits, and the subsequent therapeutic effects of 2,3-dimercaptopropanol (BAL) were 
studied. Much of the relatively small retained fraction of‘ nickel carbonyl was found chiefly 
in the lungs, its accumulation frequently resulting in fatal pulmonary edema. BAL, forming 
an insoluble precipitate with nickel salts in vitro, had little therapeutic effect except at lower 
levels of nickel carbonyl. No prophylactic protection against lower doses of nickel carbonyl 


Jas 1s ated. 
was demonstrated FarROKH Satpt, Boston. 


Erosion oF TeetH Due to Tartaric Acip Dust. W. B. Ertspury, R. C. Browne, and 
Joun Boyes, Brit. J. Indust. Med. 8:179 (July) 1951. 


An atmosphere containing a dust mixture of tartaric acid (1.1 mg./cu.m. free tartaric acid), 
sucrose, magnesium sulfate, and sodium bicarbonate produced signs of erosion of teeth of workers. 
A fairly good correlation was found between the degree of exposure to tartaric acid dust and the 
extent of dental change. 

8 FARROKH Satpi, Boston. 


POISONING BY Dinrrro-OrtH0-CRESOL : Report or Ercut Fatat Cases OccurrinG IN GREAT 
Britain. P. L. Brostrup and D. J. H. Payne, Brit. M. J. 2:16 (July 7) 1951. 


Dinitro-orthocresol used as a selective weed killer in cereal crops caused the death of seven 
agricultural workers. Six of these were employed as spray operators, and one as a driver of 
the tractor by which the spraying machine was drawn, for two to six weeks before their death. 
An additional fatal poisoning occurred in an industrial worker who was employed for three 
weeks before his death on the manufacture of dinitro-orthocresol. Except for one, all these men 
were working less than 12 hours before their deaths. Protective clothing had been supplied, and 
some of the men had been instructed in the methods of safe handling of the poisonous compound. 
In spite of these precautions the protective clothing was discarded because of the intense heat 
and discomfort. 

Early symptoms of poisoning, such as fatigue, excessive sweating, unusual thirst, and loss of 
weight, were present as long as 48 hours before death in all the fatal cases. Except for anxiety 
and restlessness there may be no additional symptoms to suggest poisoning; but from the 
appearance of these early symptoms to the time when the patient becomes acutely ill, with 
increased rate and depth of respiration, tachycardia, and rise of temperature, the interval may 
be less than one hour. Death in coma follows rapidly; it results from heat stroke or cerebral 
edema, respiration and the heart failing almost simultaneously. This explains why death from 
dinitro-orthocresol poisoning usually occurs in hot weather and within a few hours of the 
appearance of symptoms. Due to the unobtrusiveness of the early symptoms, they will be 
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detected in time to prevent serious poisoning only if regular inspection and careful questioning 
of men at risk are carried out before they begin work each day. Instructions concerning types of 
protective clothing, washing facilities, working periods, supervision of workers, arrangements 
for meals, and methods of decontamination of machinery and equipment, provided that they are 
strictly observed, will greatly reduce the risk of poisoning. 

Treatment of mild or moderately severe dinitro-orthocresol poisoning is expectant and 
symptomatic. Because dinitro-orthocresol is a cumulative poison and is excreted very slowly, 
persons who have suffered from any symptoms of poisoning, should be removed from risk of 
further absorption for a period of at least six weeks. 


L’OXYDE DE CARBONE ET L’OXYCARBONISME (CARBON MONOXIDE AND CARBON MONOXIDE Porson- 
ING). V. Raymonp and A. Vattaup, Institut National de Securite pour la Prevention des 
Accidents du Travail et des Maladies Professionnelles. Publisher: R. Foulon, Paris. 


In this work of 367 pages, the authors analyze the literature on carbon monoxide poisoning. 
There are chapters devoted to the properties and the sources of carbon monoxide, the toxicology, 
acute poisoning, chronic poisoning, detection methods, prevention, and treatment. Each of the 
chapters is followed by a concise summary. A list of references is appended to each chapter. 

The continuing danger posed by this widely prevalent toxic agent is stressed. Carbon 
monoxide poisons in two ways. Primarily it is a respiratory poison, producing anoxemia. 
Secondarily it acts as a cellular poison, inhibiting the cytochrome oxidase system. Acute 
poisoning, due chiefly to anoxemia, is characterized by progressive coma, frequently accompanied 
by respiratory syncope and apparent death. Much more rarely, secondary damage resulting 
from anoxia is manifested by organic lesions, chiefly in the central nervous system and the heart. 

The authors consider chronic carbon monoxide poisoning a clinical entity. One of the 
characteristics of chronic carbon monoxide poisoning is that the carbon monoxide level of the 
blood remains elevated for weeks or months following exposure. In acute poisoning the carbon 
monoxide rapidly disappears from the blood) The symptoms characteristic of chronic carbon 
monoxide poisoning are listed as cephalalgia, asthenia, and dizziness. There is a detailed review 
of the various methods for the detection and measurement of carbon monoxide, including the 
colorimetric, the spectrometric, and the spectrophotometric methods. The last chapter is devoted 
to a description of the methods of treatment of carbon monoxide poisoning. 


CLEMENT YAuta, Boston. 


[TRICHLOROETHYLENE INTOXICATION. A. MASOERO, Minerva med. 41:1355-1357, 1950. 


Masoero studies one case, concluding that the apparent high toxicity of trichloroethylene is 
due to its being oxidized to phosgene and hydrochloric acid on standing in light and air. 


DETERMINATION OF PoRPHYRINS IN URINE OF WorKERS IN INDUsTRIES UstInG Leap. O. 
FRANK and V. Lacunit, Wien. Ztschr. inn. Med. 32:413 (Sept.) 1951. 


Frank and Lachnit tested the usefulness of de Langen and ten Berg’s method for determining 
an increase of urinary coproporphyrins in 715 workers in industries using lead, including 
plumbers, lead-founders, painters, color-grinders, enamel burners, and compositors. 

The method requires 20 ce. of urine, to which are added some drops of glacial acetic acid and 
2 cc. of ether. The test tube is shaken and is examined under ultraviolet rays. In the presence 
of increased porphyrin content gradually deepening red fluorescence appears. 

A slightly increased excretion of porphyrin was observed in the urine of 17 workers, and 
a more pronounced increase in that of 12. Because of possible errors, quantitative determinations 
were carried out in all instances in which limit values or positive results were obtained with 
the aforementioned method ; pathologically increased 24-hourly amounts were observed regularly. 
The maximum value was found to be 1,631.9 ¥. 

Of the workers with slightly increased concentration of porphyrin in the urine, no one 
presented any subjective or other objective signs of lead poisoning; of those with pronouncedly 
increased porphyrinuria, two complained of refractory constipation and colics, and one had 
neuritic complaints. Sporadic basophilically stippled erythrocytes were demonstrated in blood 
streak preparations of three workers. The other workers had no subjective complaints, and 
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neither the clinical state nor the morphological condition of the blood suggested the presence of 
an increased lead stream. 

With the reservation that there are other diseases which may be responsible for an increased 
renal excretion of porphyrin, the described rapid method for determining an increase of urinary 
coproporphyrins is particularly suited for serial examinations of workers in industries using lead. 


BeRYLLIUM AND H. K. Umschau $8:55-56 (Jan. 15) 1951. 


Facts are reported on the appearance and spread of Be poisonings in Germany soon after the 
pioneer fabrication of that metal by the firm of Siemens in Berlin and the Degussa Company in 
Frankfurt am Main in 1928. The author has belonged to the medical staff of the latter organ- 
ization and has witnessed the various phases of the long and painful process of discovery and 
study of the new disease. In the United States the first officially recognized cases of Be poisoning 
occurred in 1943, The present status of industrial law concerning occupational hazards in the 


Be industry are discusse iefly 
scussed briefly. Nucear Sc. Asst. 


EXPERIMENTAL CARBON DIsuLFIDE Potsoninc. F. KresOK; Z. MArto, and B. SouceK, Prac. 
lék. 3:124 (June) 1951. 


1. The authors were able to confirm that in rats and rabbits exposed for two to six hours 
to atmospheres containing 800 and 1,500 y of carbon disulfide per liter of air the blood is 
saturated very rapidly with this compound ; in approximately one, at most two hours, of exposure 
the carbon disulfide in the blood reaches a concentration given by a division coefficient of 2-3. 
Other body tissues are not saturated even after six hours of exposure. 

2. The fatty tissues retain carbon disulfide to a considerable degree, intestinal fat about three 
times as much as subcutaneous fat. It is worth noticing that all fatty tissues retain the compound 
tenaciously and release it slowly. When expelling the carbon disulfide at a temperature of 45 C., 
an amount averaging only about 30% of the retained carbon disulfide is liberated; raising the 
temperature to 90 C. liberates all the retained carbon disulfide. 

3. The tissues of the nervous system, i. e., the brain, the spinal cord, and the peripheral nerves, 
retain the carbon disulfide differently and characteristically. The relation of the contents of free 
carbon disulfide in these tissues is 1:2:4.5. We suppose that the distribution of the carbon 
disulfide retained in various parts of the nervous system corresponds well with clinical observa- 
tions. The high concentration of the free carbon disulfide in the peripheral nervous system cor- | 
responds to the frequent affection of the peripheral nerves, as observed in employees working in 
an atmosphere containing carbon disulfide. The cerebral tissue retains relatively little of the 
compound, although the symptoms of changes in the higher nervous activity in carbon disulfide 
poisonings are frequent and apparently considerable; it must be supposed that here carbon 
disulfide interferes with important biological processes. 

4. When the exposed animals are left in the open air, their tissues desaturate at varying 
rates. First, carbon disulfide disappears from the blood (in about 3 to 4 hours), then from fatty 
tissues (in about 7 hours), and it is retained longest in nerve tissues (about 14 hours). Even 
during desaturation the relation between the amounts of carbon disulfide that can be released 
from subcutaneous and internal fat remains approximately the same as during saturation, and 
the carbon disulfide is freed from cerebral tissue, spinal cord, and peripheral nerves in a 
similar way. 


Earty Detection or Leap Apsorption. Erter H. Scuigtz, Tidsskr. norske legefor., 1950, 
No. 19, p. 607. 


One thousand sixty-six lead-exposed workers with stippled-cell counts were examined; 20% 
revealed pathologic values. Lead welders, storage-battery workers, and lead-foundry workers 
were the most heavily exposed groups; printers were less exposed. Simultaneous counts of 
stippled cells and basophilic aggregations were carried out on 188 subjects. The last method is 
an easier method for untrained personnel, but it failed in a certain percentage. 


The author regards the stippled-cell count as the standard hematologic method for early 
detection of lead absorption. 


ARNE BRUNSGAARD, Oslo, Norway. 
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Il. Protective Measures Currently in Use-—(i) The provision of gas-proof, air-conditioned 
cab t the tractor 


i) Rest perioe fa am of two clear days away from spraying in every fourteen 
day rt rking Irs the sun temperature is over 75 F 

il ere possible, the concentrated chemicals are handled in bulk. avoiding the opening 
of numer t hich is liable to result in splashing of the operators. Where bulk handling 
is not practicable, safe disposal of used containers is ensured. Use of “anti-splash” containers, 
with screw-on pouring spouts and large outlets (in-no case should the material be supplied in 
open-topped drut Use of easily handled packs 


water and soap for washing available at the site of mixing. Separate 
hing (a) gloves, before they are removed, (b) the hands and face. 


including white overall with hood, natural rubber gloves, rubber 
boots with steel caps, mackintoshes. “Neoprene” clothing and masks 


(Vi) ihe issue of prophylacti 


medicine and a special supplementary diet said to increase 


“(vii) Regular weekly medical examination of all workmen to ensure that dangerous quan- 
tities of toxic substances do not accumulate in their bodies. 
(viii) The provision of first-aid kits containing antidotes for use in emergencies ; also instruc- 


tions for treatment of casualties which can be handed to a doctor. 


“(ix) Training the operators to be “safety conscious.” 
“(x) Qualified supervision of all workers engaged in the use of dangerous sprays. 
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“(xi) Suspension of spraying operations in windy weather. 

“(xii) Workmen instructed that they must not clear blocked jets by blowing out with 
the mouth. 

“(xili) Surplus material disposed of without contamination of ponds or streams. 

“(xiv) Spraying machines, hoses and lances washed with water before repairs are made, and 
at the end of each shift; tanks and containers washed thoroughly at the end of each shift. 

“(xv) Workmen instructed that they should remove overalls promptly at the end of the 
spraying operations and change into ordinary clothes before leaving the farm. 


“IIL. Suggested Protective Measures.—(i) A list of protective clothing, including rubber boots, 
rubber gloves, rubber apron, respirator or eye-shield, and overalls, to be available for reference 
by both employer and employee. The protective clothing should be changed frequently. 

“(ii) In addition to soap, waver and towels provided in the field, facilities should be pro- 
vided for bathing and changing of clothes at the end of the day’s work. Gloves and boots should 
be washed, preferably with running water, before removal. 

“(iii) Medical supervision should include routine medical examinations at weekly intervals, 
with suspension of workers who show any trace of early toxic symptoms. Also expert super- 
vision of first-aid and prophylactic measures. 

“(iv) A limit should be placed on the period during which any one worker may be engaged 
on spraying operations. 

“(v) The smallest possible number of workers should be exposed to risk arising from the 
mixing or other handling of the chemicals. Only the most responsible employees should be 
given these duties. 

“(vi) All workers and other persons handling the materials or otherwise exposed to risk 
should receive detailed instruction on dangers and precautions from a qualified instructor. 
Instruction should include demonstrations and lectures. 

“(vii) Research should be undertaken into the safest types of protective equipment, con- 
tainers, spraying equipment, ete. 

“(viii) A notification should be sent to the local doctor before spraying operations are under- 
taken in his area in order that he may look for symptoms of DNC and parathion poisoning in 
patients who may report to him after using the sprays. 

“(ix) Information 9n the pharmacology o% toxic chemicals and the treatment of casualties 
should be made specially available to general practitioners. 1 

“(x) Research should be undertaken in order to find antidotes for DNC and parathion 
poisoning. 

“(xi) Chemical manufacturers should not market any new insecticide or other preparation 
until they have thoroughly studied the acute and chronic toxicity of the compound, and issued 
extensive information about its toxic nature and prevention of accidents. 

“(xi1) Manufacturers should be required to state on the labels of containers: 

(a) the name of the active ingredient ; 

(b) the percentage of active ingredient; 

(c) its toxic nature and mode of action; 

(d) precautions and antidotes, and the safe interval which must be observed between 
spraying and harvesting, also whether danger to other workpeople exists after the 
crop has been sprayed. 

“(xili) Research should be instituted in order to find insecticides and weedkillers which are 
fully effective in their agricultural use but are harmless to man. 


“IV. Prophylactic Measures and Supplementary Diet—No evidence to support the view that 


the risks can be reduced by means of a prophylactic medicine or that a supplementary diet effec- 
tively increases resistance to the dangers could be found. 


“V. Manufacturer's Responsibilities —We have examined the labels of containers presented 
for our inspection by the Association of British Insecticide Manufacturers, and we are impressed 
by the amount of cautionary and instructive matter which the manufacturers have been able to 
include in them. In fact, we think that they have attempted too much; in our view, the labels 
of the containers should contain in large letters the words “Deadly Poison,” short statements of 
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the dangers and precautionary measures to be taken, and a minimum statement of the purposes 
for which the product is to be used. It is useless and dangerous to print so much material on a 
label that a man cannot readily understand its vital message when he has read it once. We 
think it important that the labels should be of a permanent kind. 

“DNC is a bright yellow substance which would readily discolour a white garment. The 
organo-phosphorus insecticides are colourless, and we think that a strong colour should be 
introduced during manufacture so that discoloration of the overalls would be recognized as a 
clear warning of contamination. There would be some advantage in having a common colour 
for all these dangerous compounds 

“We consider that the manufacturers of containers should give special attention to the 
design of the spouts to guard against the danger of splashing when the liquid compound is 
poured into the spray tank. 


“VI. Recommendations.—(i) Tractor Cabs. The evidence regarding gas-proof, air-condi- 
tioned cabs was not sufficiently conclusive to enable us to make a general recommendation about 
the advantages or disadvantages of this form of protection. Where such cabs are used we recom- 
mend, however, that their protective properties should be frequently tested. We understand 
that a reliable test would consist of releasing the vapour of a lachrymator (tear-gas) such as 
ethyl-iodo-acetate into the air intake of the charcoal filter. 

“(ii) Working Periods. No worker engaged on spraying operations should work more than 
10 hours a day nor more than 6 days a week.* 

“(iii) Warning to Local Doctors. The Ministry of Agriculture and Fisheries should consult 
the British Medical Association about the practicability of medical practitioners being circularized 
by the Association about the dangers and appropriate treatment. 

“Medical practitioners and hospitals should be warned when spraying operations are to be 
undertaken on farms in their vicinity. 

“(iv) Manufacturers’ Responsibilities. 

Labels: The labels of containers should be required to show the words “Deadly Poison” 
in large, clear type, a concise statement of the dangers and precautions to be taken, 
antidotes where known, and a minimum indication of the purposes for which the product 
is to be used. 

The labels should be of a permanent kind. Manufacturers’ instructions about the control 
of pests and weeds should be given separately from the main label, e.g., in the form 
of a wrapping leaflet. 

Colouring of Materials: 

Organo-phosphorus formulations should be coloured, preferably with one distinctive 
colour, during manufacture. 

“There is no legal prohibition on the sale of dinitro and organo-phosphorus formulations to 
the general public and we consider that in view of the dangers associated with the ignorant or 
inexperienced use of these chemicals, the sale to the public of formulations containing them 
should be brought under statutory control. We think that such control would be in the interests 
of the trade, as well as of the public. We, therefore, recommend : 

“(i) That the retail sale of dinitro and organo-phosphorus compounds, other than winter 
washes made up in small concentrations, should be restricted to Chemists. This would not 
prevent farmers who wish to buy their supplies by retail from doing so. 


Apstract oF REPORT FROM BULLETIN OF COMMITTEE ON PeEstictpes, A. M. A. 
“*No worker should be engaged on spraying operations while he is suffering from a minor 
complaint such as a cold, bronchitis, or stomach upset.” 
if 


Environmental Conditions 


IsoLaATioN, IDENTIFICATION AND  EsTIMATION OF GasEoUS POLLUTANTS OF ATR. 


M. Sueruerp, S. M. Rock, R. Howarp and J. Stormes, Analyt. Chem. 23:1431 (Oct.) 
1951, 


Investigations of Los Angeles smog by mass spectrometer analysis of cold trap concentrates 


indicate that a major fraction of the irritant substances present are composed of the products of 
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reaction of unsaturated hydrocarbons with ozone and nitrogen dioxide. The above smog constit- 
uents are present in concentrations of less than 0.5 ppm by volume. Hydrogen sulfide was not 
observed, and sulfur dioxide was found in only one smog sample, and that in very small amount. 
Carbon monoxide is generally present up to 0.0004% by volume and may rise to 10 times this 
value during heavy smogs. 

As little as 0.000001 ppm of some smog constituents may be determined by the method 
described, and about 60 chemical compounds have been identified or tentatively identified. 


M. First, Boston. 


Waste PropteMs IN THE MINERAL INDustRIEs. J. Boyp, Chem. & Engin. News 29:4671 
(Nov. 5) 1951. 


The magnitude of the wastes produced by the mineral and petroleum industries is indicated, 
and a general review is given of methods that may be used to control and eliminate air and 


stream pollution from these sources. M. First, Boston 


Determination of Air-Borne Contaminants 


SENSITIZED PAPER FOR EsTIMATION OF MercuURY Vapor. Frep Stitt and YosHio TuMIMATSU, 
Analyt. Chem. 23:1098 (Aug.) 1951. 


A sensitized paper was required for use with a portable instrument for estimation of ethylene 
in air. A method has been developed for preparing a sensitized paper which gives both uniform 
and reproducible values (*+5%) in its response to mercury vapor. Filter paper is impregnated 
with red selenium by soaking in potassium selenocyanate solution, draining, and exposing to a 
hydrogen chloride atmosphere. The quantity of reactive material per unit area of paper is easily 
controlled by adjusting the concentration of selenocyanate. The properties of this paper have 
been compared with those of selenium sulfide papers prepared by three different procedures, 
when used in the form of a strip over which a fixed volume of sample is slowly passed. A 
temperature of 65 C. or above was required for maximum reactivity of the mercury vapor with 


the reactive material on each of the sensitized papers. The length of blackening of selenium 
paper is directly proportional to the mercury vapor concentration and is insensitive to paper 
temperature between 65 and 200 C. Both selenium and selenium sulfide papers retained their 
original calibration after a year of storage at room temperature in the dark. 


SPECTROCHEMICAL ANALYsIS OF AIR-BoRNE Dusts For Berytiium. L. E. Owen, J. C. 
Devaney, and C. M. Nerr, Indust. Hyg. Quart. 12:112 (Sept.) 1951. 


The authors describe the air sampling and analytical techniques used for detecting beryllium 
at Oak Ridge, Tenn. Suspect air was sampled by filtering it directly through Whatman No. 41 
filter papers or by using electrostatic precipitators, modified by the insertion of filter paper 


liners ; the liner permitted easy handling of the sample and reduced collection efficiency by only 
about 5%. Conventional ashing and acid treatments were employed to dissolve the beryllium. 
After molybdenum had been added as an internal standard, solutions were excited in a porous 
cup electrode powered by an ARL High Precision Source Unit. The spectra photographed 
ranged from 2,480 A to 3,700 A. Photometric measurements were made with an ARL Film 
Densitometer at 2,650.781 A for beryllium concentrations of 5 to 0.5 ppm and at 3,131,072 A 
for 0.5 to 0.05 ppm. Duplicate analyses indicated a relative precision of 3.5%. Over-all accuracy 


and minimum detectable beryllium concentrations were not specified. . lB sal 
R. Dennis, Boston. 


THe Estimation oF CAarBoN Monoxipe IN MINE witH REFERENCE TO THE 
OorecumM Mine Fire. J. S. Broapuurst, Kolar Gold Field Mining and Met. Soc. Bull. 


15:43-64 (April) 1950. 


During fires in the Ooregum mine in South India large numbers of measurements of the 
carbon monoxide concentration in air have been made. For several years reliance was placed 
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on the Haldane blood method of determination, but more recently the apparatus designed by 
Graham and Lawrence, in which the monoxide is oxidized to dioxide by passing over heated 
iodine pentoxide, has been employed. A complete series of observations has been made, in which 
both methods of estimation were used. 

On the whole the results obtained by the pentoxide method indicated rather higher con- 
centrations of carbon monoxide than were shown by the blood method, and they were much 
more consistent. Sample graphs are given of the concentrations of the monoxide in the air of 
one level estimated at intervals of a few hours over a period of four days, and the results given 
by the blood method are more erratic than those given by the pentoxide apparatus. In cases of 
low concentrations, when the pentoxide method gave values of 0.002 or 0.003% carbon monoxide, 
zero concentrations were shown by the blood method. 

The author concludes that the iodine pentoxide method is excellent with mine air but notes 
that trained personnel are needed if satisfactory results are to be obtained. 

One of the main difficulties with the Haldane blood method is the colorimetric titration, and 
considerable experience is needed before results can be relied on. Lighting is of great importance 
in the color matching. Experiments were made with an 80-watt daylight fluorescent lamp for 
Humination. The blood and carmine solution transmitted an orange band, while the normal blue 
color was absent. Titrations could be carried out with the orange band, but they were much more 
difficult than those carried out in daylight with the blue coloration. 

There are other difficulties with the blood method, but in spite of them the method gave 
good results on the whole. 

Laboratory tests with the Mine Safety Appliances carbon monoxide tester showed that it 
gave results in close agreement with those got by the pentoxide method, and it is concluded that 
the M.S. A. instrument is an ideal one for use underground. 


Tuomas Beprorp [Bull. Hyg.]. 


InpustRIAL ArmospHere: IL]. DeteERMINATION OF PHENOL IN THE ATMOSPHERE OF FACTORIES 


PRODUCING PHENOLFORMALDEHYDE Resins. J. Rouspat and Zprazir, Prac. lék. 3:148 
(June) 1951, 


A method for the polarographic determination of phenol in air is described. The method is 
being applied for the determination of phenol in the air of press rooms where bakelite is being 
processed and for the determination of phenol contamination of the air in the process of pressing 
motor-car-brake linings. The results of these analyses are given. 


Ventilating, Air Conditioning and Engineering Control 


VENTILATION Aspects OF FrREDAMP IN CoAL Mines. F. B. Hinstey, Iron & Coal Trades 
Rev. 162: 1029-1032 (May 4) and 1103-1107 (May 11) 1951. 


In mines the presence of firedamp is a source of danger and requires considerable expenditure 
on ventilation for its dilution. When firedamp is once diluted with air, the two are difficult 
to separate, and the value of firedamp as a source of fuel is lost. With the development of 
the gas turbine there is a possibility that small concentrations of methane in air of 1 to 2% can 
be utilized, and work is proceeding along those lines. Degasification of coal prior to working 
and utilization of the firedamp would be the best solution of the problem, and this aspect is being 
considered by the National Coal Board. The belief that firedamp is under considerable pressure 
in the unworked coal and not easily released is confirmed. The problem of collecting the gas 
that is tightly held will not be easy, as the coal faces are continually moving forward, and this 
necessitates moving the piping system with every advance of the face. The problem has been 
tackled from roadways above and below, with some measure of success; the defects are not 
insurmountable. The firedamp lost into the atmosphere represents an important natural resource, 
and its loss presents a problem which merits further study and research. 


ConpENseD From Autuor’s Conciusions [INpust. Dicest.]. 


RECIRCULATION FROM INDUSTRIAL Exuaust Systems. A. C. STERN and Donatp P. O'NEILL, 
Month. Rev. New York State Dept. of Labor, 1951, p. 17 (May) and p. 21 (June). 


Recirculation of air from industrial exhaust systems affects subsiantial savings in heating 


bills during the heating season. This practice is not justified where the process ¢Mfluents may be 
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detrimental to the health of workers. Techniques are described for accomplishing recirculation 
where this practice is justified. 

Two methods of control are described: the on-off recirculation and the modulated control. 
Tables and formulae are given for calculating the per-cent annual recirculation and the per-cent 
saving in heat required and heating capacity based on inside and outside temperatures and number 


of factory hours. sai 
< A. T. Rossano Jr., Boston. 


VENTILATION EQuipMENT FoR Evectric Arc Wetpinc. Pracovni lékarstvi 
3:99 (May) 1951. 


The author describes different types of ventilation equipment serving to protect the are welder 
when working in his booth, in large rooms, or in confined spaces. These types of equipment are 
divided into exhaust ventilation, air sprays, and equipment for the general ventilation of welding 
shops. Local exhaust systems of different types of construction are used mainly with the welding 
of small parts on tables. With the welding of larger construction or with welding in confined 
spaces, local exhaust systems with flexible attachments or systems attached to the welding 
aggregate are useful. In some cases air sprays may be used instead of exhaust systems when 
work is done in large rooms. These remove noxious substances from the breathing zone of the 
worker. In these cases sufficient air changes according to the principles mentioned in the paper 
are of importance. When using exhaust ventilation, one must supply a sufficient air intake 


if there is more than one air change per hour. Eneussn Sowkane 


Accidents and Their Prevention; Protective Equipment 


A CONTRIBUTION TO THE Stupy oF AcctpENT Causes. E. Berrscut, Indust. Safety Survey, 
Internat. Labour Office 24:128 (July-Aug.) 1950. 


A study of a large Swiss engineering firm and a comparison of this with other firms show 
the influence of certain factors on the reduction of accidents in industrial organizations. Among 
the most important were human factors. Three situations demonstrated this relationship: 

(a) Newly engaged workers have more accidents than the longer-employed ones. This is 

especially true during their first, second, and third years of service. 
(b) Foreign workers: are three times as liable to meet with accidents as national workers, 
apparently because they have different attitudes toward work and toward life itself. 
They also apply more frequently to a private physician for treatment. 

(c) The proportion of injuries treated at the first-aid stations in factories to those treated by 
private practitioners depends largely on the attitude taken by the workers toward the 
first-aid staff. 


The study also showed that the frequency of accidents can be reduced greatly by appropriate 


technical measures. Examples given are the introduction of footwear with steel toe-caps and 
education and training in the proper methods of using ladders, with concurrent repairing and 
replacement of ladders in current use. 

The general effect of the investigation is to emphasize the importance of a dynamic rather 


than a static conception of the problem of industrial accidents. 


ALFRED L. Mose Boston. 


SAFETY IN Quarries. R. Stenvit, PACT 5:165 (June) 1951. 

According to Stenuit, fatal accidents occurred at the rate of 1 per 10,000 workers in the 
3elgian quarries during the period of 1932 to 1949. Of a total of 149 accidents due to the 
crumbling or falling of stones in open air and underground quarries, 106 were due to hard rocks, 
39 to loose rocks, i. e., sand, plastic soil or the loose covering of layers of hard rock, and 4 to 
soft rocks (chalk and marl). Thirty-six accidents occurred in the course of transportation of 
stones. Eleven accidents were due to machines, such as motors, generators and crushers. Five 
accidents were due to gas, including carbon dioxide, firedamp, and toxic fumes resulting from 
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firing of explosive materials. Sixty-eight accidents resulted from various causes. About one 
of the accidents in each of the various groups was fatal. 


Technical measures of prevention are described. Stress is placed on the necessity that workers 


wear light, perforated helmets, that special teams watch the climatic influences on the quarries, 
and that the face of the quarries be painted immediately after the firing of explosives. The new 
decree, dated March 31, 1949, concerning the firing of explosives seems to remedy all the loop 
holes in the old decree of 1894, and, provided that its regulations will be observed carefully, 


nearly all accidents will be prevented. The firing of explosives should be limited to certain 


hours, if the quarries are situated in the neighborhood of habitations, and these hours should 
be known to the inhabitants. 


Tue Use or Cains anp Oruer Lirtinc Gear. Sarety PAMPHLET No. 3. MINISTRY OF 
Labour AND NaTionaL Service, Factory Department. Pp. 48. His Majesty's 
Stationery Office, London, 1950. 


Many accidents have been due to failures of chains and lifting gear. This pamphlet presents 

concise information on good practices with regard to quality proportions, safe working loads, 

and treatment of such appliances. There are valuable data, such as relate to safe working loads 

for short link chains, hooks of various cross sections, pitched chains, and shackles. Good illustra- 

The periodic annealing of chains and 

methods of annealing are dealt with, and, finally, there is given a summary of precautions. 
This is a valuable pamphlet. 


tions show right and wrong ways of using lifting gear. 


Tuomas Beprorp [Bull. Hyg.]. 


INDUSTRIAL ACCIDENT WITH THIONYL CHLORIDE. 


Luicr PARMEGGIANI and EGip1o TAGLIA- 
Bur, Med. lavoro 42:121 (April) 1951. 


While a worker was carrying a flask containing 25 liters of thionyl chloride, he dropped it, 
and the liquid splashed over his face and clothes. After washing with water, he suffered fierce 
burning on the face and suffocation and became unconscious for a few minutes. Admitted to the 
clinic, he showed first- and second-degree burns on the face and spastic bronchitis ; these ailments 
healed in a few days. The pathogenic action of the thionyl chloride is due to its hydrolytic 
dissociation in hydrochloric acid and in sulfur dioxide in the presence of atmospheric and mucus 
humidity ; in this particular case, the effect was aggravated by the worker's washing his face in 
water, Thionyl chloride is about twice as dangerous as hydrochloric acid and sulfur dioxide. 


Legal Medicine 


Lecat CONFERENCE ANNUAL MeEeTING. INDUSTRIAL HYGIENE FOUNDATION OF 
America, Tr. Ser., Bull. No. 16, 1950. 


The papers presented in this 50-page bulletin discuss national, state, and municipal legislation 
concerning control of atmospheric pollution, the legal aspects of stream pollution, and workmen's 
compensation from the point of view of current legal developments and from that of the function 


of medical boards and examiners. Mary O. Amvvr, Boston. 


Joint Mepicat-LecaL Conrerence: 15tH ANNUAL MEETING. INDUSTRIAL HYGIENE 
FOUNDATION OF America, Tr. Ser., Bull. No. 17, 1950. 


In this 37-page pamphlet, the administration of workmen’s compensation is discussed from 


the viewpoints of management, insurer, and physician. The administrative procedures used in 
Burea Labor standards are ssente 
the Bureau of Labor standards are presented Mary O. Ampur, Boston. 
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News and Comment 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, December, 1951 


The Fourth Annual Gulf Coast Regional Conference on Industrial Health was held in 
Houston, Texas, on Sept. 27-29, 1951. As in previous years, the program was sponsored by 
the Public Health Committee of the Houston Chamber of Commerce with the state and local 
health departments, Baylor and Texas University medical departments, the industrial hygiene 
engineers, the industrial health section of the local county medical society, the manufacturers 
association, and the industrial nurses, acting as co-sponsors. The excellent program attracted 
approximately 350 participants from Texas and the bordering states, representing labor, manage- 
ment, medicine, nursing, and hygiene. 

The Twelfth Annual Congress on Industrial Health was held in Pittsburgh, at the William 
Penn Hotel on Jan. 17-19, 1952. 


News Letter, January, 1952 


The reprint service of the Council on Industrial Health is almost as old as the Council itself. 
Since the first meeting of the Council, in December, 1937, a major objective has been to study 
the problems of health in industry and to report what is being done about them. Standing 
and special committees have been appointed for this purpose, and many of the Council's reports 
have resulted from these efforts. 

The subjects covered range all the way trom socioeconomic problems to treatises relative 
to specific medical conditions. After publication in one of the American Medical Association 
journals, those papers that contain information which is likely to have general application in 
the field of occupational health are made available through the reprint service. 

Although the service is primarily designed as a source of information for the medical pro- 
fession, everyone who has an interest or responsibility in this field 1s welcome to look to us 
for assistance. When requests are made that cannot be met through the reprint material, we 
are usually able to give assistance through a bibliography gleaned from our extensive reference 
files. 

The reference booklet contains a complete listing of our current reprints. Single copies are 
available without charge through the Council on Industrial Health. Quantity prices will be 
supplied on request by the Order Department. 

The Council News Letter of Oct., 1951 referred to medical services prescribed by the 
Walsh-Healey Act. Mr. William Connolly, director, Bureau of Labor Standards, United 
States Department of Labor, has requested that we correct this misleading statement. In a 
letter to Dr. Thomas F. Mancuso, of the Ohio Department of Health, Mr. Connolly stated: 
“No such provision is in the Walsh-Healey Act, nor, in the opinion of the United States Depart- 
ment of Labor, would it be possible to require such programs under the rules and regulations 
issued by the Secretary of Labor. It was suggested by the Rush Committee that perhaps the 
Walsh-Healey Act could be used as a medium for requiring medical services in plants with 
Government contracts. Types of provisions that might be included were drafted by a sub- 
committee for analysis. The Labor Department took the position that we had no authority 
to go beyond recognized legal standards for industrial health and safety. Perhaps a rough 
draft of the suggestions considered by the subcommittee fell into the hands of the Council on 
Industrial Health and they interpreted them as being an accepted fact.” 

Rules and regulations issued by the Secretary of Labor governing health and safty in plants 
with Government contracts may be found in the bulletin, “Safety and Health Standards for 
Contractors Performing Federal Supply Contracts under the Walsh-Healey Public Contracts 
Act,” which is available through the United States Labor Department’s Wage and Hour and 
Public Contracts Division offices throughout the country. 
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INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


A SIMPLIFIED RADIOACTIVITY-SURVEY INSTRUMENT 


Portable, self-contained radioactivity-survey instruments of the gamma-radiation type gener- 


ally use a microammeter to indicate the radiation level. Microammeters, which are inherently 
neither cheap nor rugged, nor suited to mass production in extremely large volume, are not 
required in a gamma-radiation survey instrument recently developed for the Navy Bureau of 
Ships by S. R. Gilford and S. Saito of the National 
mentation laboratory 


dial. 


Bureau of Standards electronic instru- 
In this instrument, radiation levels are read directly from a potentiometer 
To read an unknown value of radiation, the operator turns the dial to the point at which 
an audio-oscillation just begins. This point is determined aurally with a small earphone. Aural 
indication is particularly convenient for plotting contours of equal radioactivity; with the dial 
set for a particular radiation level, it is an easy matter for the operator to walk along and locate 
aurally a series of equally radioactive points. The new survey instrument uses a detector tube 
of the halogen-filled Geiger-Miller type, together with a vibrator high-voltage power supply 
operating from flashlight-type batteries. The output current of the detector is proportional to 
the incident radiation. The heart of the aural indication method is a thyratron relaxation 
If the potential difference between the grid and the cathode of the thyratron 
exceeds the firing potential, the circuit will oscillate. 


oscillator circuit 


The unknown voltage derived from the 
detector-tube current is applied to the outer terminals of the potentiometer, while the thyratron 
grid is connected to the moving contact. The potentiometer setting at the threshold of oscillation 
thus depends on the radiation level, and the potentiometer dial can be calibrated directly in 
radiation units. 


FIRST SCANDINAVIAN CONGRESS ON INDUSTRIAL MEDICINE, HELSINKI 


The opening ceremony and meetings of the First Scandinavian Congress on Industrial Med- 
icine were held May 27-29, 1951, at the Institute of Occupational Health, Helsinki, Finland. 
Members of the Congress came from Denmark, Norway, and Sweden. Altogether there were 
102 physicians, 85 industrial nurses, and 26 industrial hygienists present. Forty-two papers 
were read, most of which will be published in Nordisk Hygientsk Tidskrift. After the Congress, 
the members visited industrial plants in different parts of the country. 


leo Noro, Helsinki, Finland. 


AMERICAN ACADEMY OF FORENSIC SCIENCES 


The fourth annual meeting will be held March 6, 7, and &, 1952, at the Biltmore Hotel, 
Atlanta 


There will be general sessions and special section meetings on forensic pathology, 
forensic toxicology, and forensic psychiatry. 


All persons interested are urged to attend these 
meetings. Prof. Ralph Turner, Michigan State College, East Lansing, Mich., is secretary. 
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Book Reviews 


Amendments to the Wisconsin Compensation Act. Pp. 129. Industrial Commission 
of Wisconsin, Madison, Wis., 1951. 


Many amendments to the Wisconsin Workmen's Compensation Act were effected by their 
1951 legislature. The most important provision is found in Chapter 443, “Laws of 1951.” It 
extends the provisions and benefits of the Act to members of the National and State Guards 
when in state service, and to civil defense workers. It provides that each civil defense unit 
shall be designated by the name of the state or of the sponsoring political subdivision thereof; 
that each member of the civil defense unit who is not acting as an employee of a private 
employer during civil defense activities shall be deemed an employee of the State of Wisconsin 
or of a political subdivision of the state. Civil defense employees as such shall receive no pay 
unless a specific agreement for pay is made. If no agreement is made, pay for workmen's com- 
pensation purposes shall be computed at $2,080 per year. There is also a provision for 
reimbursement of the political subdivision by the state in case the payments for such benefits 
exceeds $1.00 per capita of the subdivision’s population. 

The necessary enabling legislation to secure federal aid for the promotion of vocational 
rehabilitation of persons disabled in industry or otherwise and their return to civil employment 
was assented to and accepted so that the Rehabilitation Act passed by Congress applies to 
the State of Wisconsin. 

The provisions of the Workmen's Compensation Act have been extended or increased in 
several instances: 

1. Payment will be made for damage or destruction of eye glasses if such destruction or 
damage resulted from an accident which also caused a personal injury and either compensation 
or medical treatment was incurred. 

2. The maximum amount payable weekly for all disability or death is increased to $37. 

3. Funeral expenses were allowed for total partial disability, and now for total permanent 
disability, in case of death. 

4. An unestranged surviving parent or parents shall receive $2,000. Previously it was $1,500. 

5. The benefits for children shall be paid until they reach 18 years of age in case of death of a 
parent leaving a surviving spouse and also a dependent child. 

6. The State Fund gets $3,000 if the employee is killed and leaves no dependents. 

7. Total and permanent compensation is given for “impairment of vision of both eyes for 
industrial uses” instead of “total blindness” as at present. 

8. The time is extended to two years from the date of injury or death in case the employer 
knew or should have known within the two-year period that the employee had sustained an 
injury in which a claim is based. The statute of limitation is six years in all cases. 

9. The statute of limitation is extended in case of minority, insanity, or a person on active 
duty in the armed services. 

10, The right to review a case of occupational disease from time to time, in spite of any 
prior order, is provided for, but not to extend beyond the six-year period of limitation. 

11. Certain state employees, in the event of their retiring because of certain injuries, may 
receive one-half of their monthly salary. 

Certain provisions have been clarified, which makes for better administration of the Act. 
The phrase “living with parent” is defined. A uniform basis is adopted for scheduled and 
nonscheduled disabilities on the basis of 2.5% reduction per year beginning with 51 years, the 
maximum reduction to be not more than 50%. Hospital records, of any hospital, when certified 
by the proper hospital official are admissible evidence and constitute prima facie evidence. 
Double liability shall be paid by the insurance company when judgment is entered against the 
employer and not satisfied. (In Massachusetts the insurance company pays the worker directly 
and then collects from the employer.) 
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184 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Unless the insurance carrier brings action against the third party promptly in case it is a 
common insurance carrier of the employee and the third party, it is deprived of certain defenses 
and reimbursement for compensation paid. 

There is provision of a penalty for refusing to rehire an employee who has claimed or 
attempts to claim compensation benefits. 

The testimony of any licensed physician may be taken outside the state and received in the 
state as evidence. The Commissioner has the right to hear evidence outside the state or to 
arrange for the testimony to be taken by a duly authorized person in the other state. 

Ihe right to compensation accruing during a period of refusal or neglect to submit to or 
follow hospital or sanatarium treatment when found necessary by the Commission shall be 
barred, This is a preventive measure to protect persons from the possibility of contracting 


tuberculosis from persons who have the disease. Emma S. Tousant, Quincy, Mass 


Environment and Health. Federal Security Agency, U. S. Public Health Service, Report 
No. &4. Price $0.75. Pp. 152. Government Printing Office. 


This volume presents a concept of the relationship of the individual to his environment and 
the factors which influence this relationship. It discusses under appropriate chapter headings 
the conditions which adversely affect the goal of individual and community health. It brings 
out in review the various activities of the U. S. Public Health Service and points out that in 
this modern technological era environmental health is far different from that of fifty or a hundred 
years ago 

Phe book cites, among others, the problems of industrial and radiological health and indicates 
the important part played by research, investigation, and constant awareness of the problems 
required to ensure a healthful working environment. 

\mong other conditions reviewed are the control of water and air pollution, the protection 
of milk and food, and pest control. Health and safety at home and in school and rural environ- 
ments—all public health problems—are also discussed. 

Phis volume should prove of definite value to educators and students alike, to the public 
generally, and to anyone interested in the problems of public health as these affect the environ- 


ment W. W. GILBERT. 
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in the 
management 
of epilepsy 


*... little depression 


Strong opposition to major 


“The intro 


tion of diphenylhydantoin 
Fwas a marked advance in the ‘rapy, bec whi drug. 


although distantly related to the barbiturates, 


produce ‘d little de ‘pression while exerting strong 


opposition to major convulsions.”* 


Extensive clinical experience confirms the finding that p1LaNtin — producing 
little or no depression — prevents seizures or greatly reduces 
their number and severity in the majority of epileptic patients. 
DILANTIN Sodium (diphenylhydantoin sodium, Parke-Davis) 


is available in Kapseals* of 0.03 Gm. (2 gr.) and 
0.1 Gm. (1% gr.) in bottles of 100 and 1000. 


*Cutting, W. C.: A Manual of Clinical Therapeutics, ed. 2, Philadelphia, W. B. Suunders & Co., 1945, p. 454. 
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ICE CREAM 


There Are 15 Plauer- 
FLARE-TOP/ EAT-IT-ALL 
Gakeries From Coast-To-Coast 
WRITE: Flare-TOPS—Box 2004—Chicago 9, Ill. 


this Coupon 


FOR YOUR FREE COPY OF 


ANSWERS TO THE 
IMPORTANT QUESTIONS 
ABOUT SOAP 
BUYING 


no commercials — no sales chatter 
but o wealth of informative data that should prove 
invaluable to you and your company throughout 
the future. 


LIGHTFOOT SCHULTZ COMPANY 


663 FIFTH AVENUE, NEW YORK 22, N. Y. 


Send your free Question and Answer Soap Data 
Name 


Address 


FOR BUSY PEDIATRICIANS 


Here are several booklets prepared especially for the 
American Medical Association and designed to help 
you and your patients. 


You will find, in convenient pamphlet form, much 
reliable information that will supplement your advice 
to patients. These booklets will prove themselves 
to be time savers, also. They will answer many of 
the troublesome questions brought to you, which you 
frequently must explain at great expense of time. 


Maternal and Child Health 

STREAMLINED MOTHERHOOD. Marjorie F. Marks. 8 
pages. 15 cents 

YOU AND YOUR BABY. Louis W. Sauer and Kathleen 
Simmons. A series of articles on child care from birth 
till school age. 8&6 pages. 25 cents 

A CHILD IS TO BE BORN. A booklet prepared by the 
American Medical Association for the expectant mother, 
oa poow Each, 15 cents; 10 copies, $1.35; 50 copies, 

KEEPING YOUR BABY WELL. General advice for 
mothers before the baby comes and through the next 
three years. Contains bibliography of other books 
on infant care. 22 pages. Each 15 cents; 10 copies, 
$1.35; 50 copies, $4.50. 

BREAST FEEDING. Myrtle Meyer Eldred. & pages. 
15 cents. 

THE BLOOD FACTOR THAT KILLS BABIES. E. W. 
Page, S. P. Lucia, Barbara Melvor. 4 pages. 15 cents, 

BAD HABITS IN GOOD BABIES. Herman M. Jahr. 16 
pages. 15 cents 

BLADDER CONTROL. Herman M. Jahr. 12 pages. 20 
cents 

THE CASE OF THE CRYING BABY. Herman M. Jahr. 
4 pages. 15 cents 

WHAT TO DO ABOUT THUMB SUCKING. William I. 
Fishbein. 6 pages. 15 cents 

INFANTILE ECZEMA. Kret Ratner. 8 pages. 15 cents. 

WHAT DOES YOUR BABY PUT IN HIS MOUTH? 
Chevalier Jackson and Chevalier L. Jackson. Tells how 
to prevent accidents from choking and what to do if 
they happen. 24 pages. 15 cents. 

LEFTHANDEDNESS. Paul Popenoe. & pages. 15 cents. 

SAFEGUARDING THE TAKE-OFF TO SCHOOL. Gay- 
lord W. Graves. 8&8 pages. 15 cents. 

THE CHILD IN THE FAMILY. Clifford Sweet, Lawrence 
RK. Jacobus and Henry E. Stafford. 28 pages. 15 cents 

ARE COMIC BOOKS A MENACE? Thomas and Lois 
Hoult. 6 pages. 15 cents 

ADOPTION. W. Allison Davis and Theo Carlson. A 
thorough discussion of the best ways to adopt children 
and rear them. 12 pages. 15 cents. 

HOW TO CONTROL YOUR CHILD. Gladys Gardner 
Jenkins. 7 pages. 15 cents. 

THE SPOILED CHILD. ©. Anderson Aldrich. 4 pages. 
15 cents 

MANNERS FOR MITES. Sue Kelley. & pages. 15 cents 

ENTERTAINING THE CONVALESCENT CHILD. Prize 
letters reprinted from //ygeia. 16 pages. 15 cents. 

THE SPASTIC CHILD AT HOME. T. Arthur Turner 
12 pages. 15 cents 

LIGHT IN A DARK CORNER. Richard Hardesty. Organ- 
izing a school for spastic children. 4 pages. 15 cents 

THE “ONLY” CHILD. Elsicliese Thrope. 4 pages. 15 
cents 

THE FAMILY HELPS THE SPASTIC CHILD. Belle 
McKinnon. 16 pages. 15 cents 

WHAT CAN BE DONE FOR THE SPASTIC CHILD? 
Dana C. Jennings. & pages. 15 cents 

PROTECTING YOUR CHILD FROM ALLERGY. William 
Gayle Roberts. 8 pages. 15 cents. 

UNDERSTANDING THE ADOLESCENT. Smiley Blanton. 
10 pages. 15 cents 

MYTH OF THE TERRIBLE TONSILS. Lois Mattox 
Miller. 1 page. 10 cents 


Keep a handy supply of these booklets on hand to 
give to the parents of your patients. They will save 
time that you can devote to matters more in need 
of your personal attention. Available at lower cost for 
quantity purchases. Write for prices. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street Chicago 10, Illinois 
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THOSE FIRST SEX QUES- 


of age, telling them how the 


SEX EDUCATION FOR THE PRE- 
SCHOOL CHILD 
By Harold Jones and Katherine 
Read. 12 pages cents 
SEX EDUCATION FOR THE TEN 
YEAR OLD 
By Marjorie Bolles. 12 pages. 15 cents 
SEX EDUCATION FOR THE ADO- 
LESCENT 
By George W. Corner and Carney 
Landis 20 pages nis 


Is THE FACTS ABOUT SEX 

Quantity prices A SOs By Audrey McKeever To be read by 

quoted on request parents or childrer 16 pages. 15 cents 
ANSWERS TO PRACTICAL QUESTIONS 


ON MENSTRUATION 
AMERICAN MEDICAL ASSOCIATION By Margaret Bell, & pages. 15 cents 
535 North Dearborn Street 
Chicago 10, tll. 


equipped to deal with this 


HOW LIFE GOES ON 


development in terms of ath 


BOOKLETS 


@ FOR YOUNG PEOPLE 

Parents will find the help they are seeking In this modern series 
of pamphlets by Dr. Thurman B. Rice. Being a physician, biologist 
sand teacher, as well as the father of a tamily. Dr, Rice is well 


dificult subject properly and helpfully 


THE AGE OF ROMANCE 


$+ TIONS For girls of high school age For young men and women 
Le PY For the parents of very young Their role as mothers of to dealing with the problem as 
o ¢ chileren. Answers to the grey morrow. 44 pages + cents a unit for both sexes 44 
ing questions of the littlest pages. 25 cents 
ones. 40° pages 25 cents 
IN TRAINING 
THE STORY OF LIFE For boys of high school age 
For boys and girls ten years interpreting their adolescent 25¢ each 


Set of five 


young come to plants and letic and other achievements é 
human parents, 36 pages. 29 0 pages. 25 cents in file case, $1.25 
cents 


@ FOR ADULT READING 


SEX EDUCATION FOR THE MARRIED 
COUPLE 
By Emily Hartshorne Mudd. 12 pages 
15 cents 
SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman. 12 pages 
Set of 5 titles as above, 50 cents 
GETTING READY FOR MARRIED LIFE 


Ky Howard Dittrick, 29 pages. 20 cents 


HELP FOR CHILDLESS COUPLES 


By J. Db. Wassersug. 6 pages. 15 cents 


THE WORD YOU CAN'T SAY (MAS- 
TURBATION) 


Ky Hannah Lees. & pages. 15 cents 
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Luminal and Luminal Sodium — time-tested, effective dampers of cortical 
over-activity — control emotional turbulence, restlessness and 
hyperirritability promptly and for prolonged periods. 


FOR ORAL USE: 
.. . LUMINAL SODIUM 
Tablets 16 mg. (% grain); 32 mg. (% grain) and 0.1 Gm. (1% grains). 
. LUMINAL 
Tablets 16 mg. (14 grain); 32 mg. (% grain) and 0.1 Gm. (11% grains). 
Elixir (14 grain/teaspoonful), bottles of 354 cc. (12 fl. oz.) 
and 3.785 liters (1 U.S. gallon). 
FOR PARENTERAL USE: 
. . . LUMINAL SODIUM 


Hypodermic tablets of 65 mg. (1 grain), bottles of 50 and 500, 

for subcutaneous or intramuscular injection; Powder, ampuls 

of 0.13 Gm. and 0.32 Gm. (2 grains and 5 grains), for subcutaneous, 
intramuscular and (exceptionally) intravenous injection; 

Solution in propylene glycol, ampuls of 2 cc. (0.32 Gm.,5 grains); 
Ampins —sterile, disposable injection units of 2 cc. (5 grains) 

and 10 cc. vials (2 grains/cc.), for intramuscular injection only. 


|THE PIONEER BRAND OF PHENOBARBITAL SODIUM 
BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 


New Yorn 18, N.Y. Winosor, Ont. 
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